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INTRODUCTION (U)

JS) A five-day meeting was held on 18-22 May 1970 at the Raytheon Company Spencer Laboratory,

Burlington, Mass., under the sponsorship of the Advanced Research Projects Agency and the US Navy.

Mr. A. Van Every of ARPA was chairman. The papers are published in four sections, divided into the

following subject areas:

Section 1. Executive Summary
Section 2. Surmaiy of Papers

Program Objectives
Theory and Measurements
Fleet Air Defense
Buoy Tactical Early Warning

Section 3. Panel Reports
Section 4. Task Abstracts

QC) These meetings are regularly held to allow contractors and government agencies active in surface

wave radar research to exchange information and report their findings.

(IU) A list of attendees is given at the end of Section 1.

(U) Copies of these Proceedings may be requested through the Office of Naval Research, Department

of the Navy, Washington, D.C. 20360, Attn: Code 418.
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EXECUTIVE SUMMARY I U)

I PROJECT MAY BELL OVERVIEW 1U)

iS) Project MAY BELL is direc'ted towards ocean surveillance and tactical early warning and is in-
vestigating the feasibility of ,Jetecting and tracking aircraft, missiles, ships and submarines at over-the-

horizon distances using HF monostatic and bistatic radar

(U) Concepts using the basic geometric configurations shown in Figure I are being explored.

(U) N In support of these concepts various theoretical predictions, propagation measurements, cross-

section studies and feasibility detection demonstrations have been made.

IS) The program emphasis during the past eighteen months has been specifically directed towards
determining the attenuation and clutter propagation aspects that apply to the concepts that use the sur-

face wave; and investigating the basic feasibility of detecting and tracking aircraft using Mode Ill, Fleet
ir Defense (FAD), and Mode IV (a) and (b), Buoy Tactical Early Warning (B-TEW).

(U) The various efforts and their relation and importance to the basic geometric co ngurations are

shown in Figure 2.

II SUMMARY OF RESULTS (U)

A. Theory and Measurements (U)

I. Path LoA (U)

(C) Measurements of received signal strength were made over a 300-km path extending from Carter

Cay in the Bahamas to the receiving site at Cape Kennedy. Florida. Detailed measurements extended

from January through March, 1970.

((') The mean signal strength measurements agree well with predicted' received signal strengths, in ah-

solute evel. The spread of points about the mean conforms to loss predictions versus sea state at 5 and

and 10 MHz. Insufficient data were available at 15 and 20 MHz to permit comparisons. Day-to-day

correlation of measured signal level with sea state was not reliable because only crude hindcast date was

available on sea state. System drifts are concluded to be less than 2 dB. Effects of ducting on measured

signal strengths are unknown. Possible spectral broadening of the direct signal by the moving sea during

high sea states appeared on some records.
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MODE I
SKY WAVE -SKY WAVE

MODE Tr
SURFACE WAVE - SURFACE WAVE

MODE Z
SKY WAVE - SURFACE WAVE

FAD

MODE l3E-A
DIRECT OR SURFACE WAVE -

SURFACE WAVE
STEW -I

MODE rn- - B

DIRECT OR SURFACE WAVE-
SKY WAVE
BTE W-2

. -J-.. -h- - --. _.. . -- U • " -

IS) Figure 1. Basi Gcometn Conigurantions (U)
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'S __ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

TASK ORGANIZATION OBJECTIVE

A\. 'lThory & Measurements

I. Attenuation & (lutter BMI Determine surface wave attenuation and
Calculations clutter as a function of sea state, frequency,

anti range

2. (lutter measurements ESSA Obtain ,imultancous niultifrequency back-
scatter sea clutter measurement!)

3. Attenuation & Clutter Raytheon/ Obtain bistatic clutter and path loss measure-
Measurements APL ments as a function of distance and frequency

4. Attenuation Over EiSSA Calculate the extra path loss for surface
Irregular lithomogenous waves over irregular inhomogenous terrain
Terrain

5. Cross Section Studies SRI Compile and evaluate known cross-section
information on SLBM

6. Ship Model Measure- SU Calculation and model measurements of two
ments typical %hip's cross-section as a function of

aspect, and frequency and polarization

7. Ship Cross Section NRL Measurement of the actual ship cross-section
with the MADRE radar

8. Wake Study ESSA Theoretical investigation of the HF radar
cross-sections of ship and submarine wake%
as a function of frequency and aspect
angle

B. fleet Air Defense

I. Feasibility Demon- IIT/NRL/APL Initial feasibility demonstration of flect air
stration Test defense concept using skywave illumination

with a distant transmitter and bistatic re-
ception with close in receiver

2. Ship Detection NRL Investigation of detecting ships on a Doppler
basis using the MADRE radar.

3. Ship Detection SU Investigating the detection of ship- on a
power basis using FM/CV high rcsolution
technique.

I S) Fime 2. PavticipatinS Ovgnizatiom. Tasks and Objemtires I U)
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(SI

TASK OR.GANIZATION OBJEUrIVES

C. Huoy' ractical Early
Warning (BTEW)

I. BTEW Feasibility Raytheon/APL Inve'tlgatin,- the feasibility of detecting
Demonstration No. I and tracking aircraft at short ranges

using a buoy-haw:d transmitter and land-
based ret..iver using surface wavc mxifL'

2. BTEW Feasibility Sylsania Investigating the •easibility of detvctinp
Demonstration No." and tracking at long range using a buoy-

based transnittL. and a land-based
receiver using skywave

I). Manning and Coordin- APL Technical assistance to ARPA in tht'
ation overall planning, and i.oordination of

program

iS) Figure 2. Participating Organiztations., Tasks and Objective% 1cont) (U)

2. Sea Clutter ( U)

(C) S..a-scattered energy was observed a! 5 and 10 P:tiz. with transmissions both from a buoy moored

120 km from the shore and from Carter Cay. The observations were made both with CW sign;ak and

11hasc-coded •ignals, the latter with tffective pulse lengths of '5 and 200 Ps.

t1 Thc transmissions from the buoy proved consi crably more important because the scatter ar--a

near the rluoy is deep ocean water, rather than land or shoals, as in the case of the Carter Cay trans-

rit5tsfion•. rhe signal spectrum showed that the se? c:atter was confined to two bands, or "pedestals'.

!cnth, ofa hertz wide and located symmetrically within ': hcrtz of the carrier: these observations agree

with theory and predictions relating the Doppler shifts to the velocities of the Bragg resonant o,.can

waves responsible for scatter. The observed intensity for the sea clutter signal corresponds to an a,,rag.:

-'attcring % ros.-scction per unit area, oa, of between -24 and -30 dB. this agrees with A predicted upper

limit of -23 dB.
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'4. Fleet Air Defense and Ship Detection (U)

I. Fleet Air Dtfense (FAD) (U)

IS) Detection of low-flying threats to surface vessels at a range sufficient to give useful warning time

and tracking information is a problem which must be solved if the surface navy is to survive. Because of

the advantage of denying the enemy the opportunity of using simple direction finding techniques to

locate fleet units, it is desirable that the solution not require radiation from the fleet.

(S) The feasibility of using a hybrid (sky-wave/surface wave) system to solve this problem has been

demonstrated during FY 70 as part of the MAY BELL Program. In this concept, the target is illuminated

by sky-waves from transmitters (either shipborne or land-based) located over-the-horizon at ranges of

perhaps 1000-2000 km. Surface waves which propagate from the target to a receiving system aboard a
ship permit detections to be made even when the target is below Ihe line of sight radar horizon.

(S) An experiment was performed at Cape Kennedy, Florida, where a shore-based receiving station

was used to simulate the shipboard environment. A Navy P3V)aircraft served as a target by flying off-

sl 're in a series of controlled flight plans, and illumination was provided by the MADRE and CHAPEL

"BELL transmitters located respectively in Maryland and Virginia. For most of these flights the target

altitude was 200 feet, and detections were made at ranges as great as 100 km. It was shown to be

possible to track the target in both range and azimuth with accuracies of about 5 nmi and one degree

(depending on SNR). These results were obtained using a receiving/processing system which was

assembled using existing equipment, and this equipment was in many ways not well matched to the

experimental requirements, therefore, these results should not be taken as representing the capabilities

or the limitations of a properly designed system.

(S) The dynamic range requirements imposed by the necessity of receiving small target echoes in the

presence of the incident sky-wave and of clutter were found to be well within the capability of existing

technology. Cross-polarized, bistatic target cross sections were also found to be of sufficient magnitude
(up to 100 m2 for the P3V) to permit detection. Clutter was found to be composed primarily of the

resonant spectral lines which are generally well understood in terms of existing theory.
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2. Ship Detection (U)

(S) lhe following is a summary of the various [IF propagation techniques considered for ship divcrI•odin.

(S) Monostatic Groundwave Radar has demonstrated a capability for the detection of surface vessels.

On the ocean (away from land), it is predicted that very modest systems (two element antennas and a

jew hundred watts average power) can provide detections beyond 50 nmi. The limits of location

accmat:N, particularly in azimuth, have not been studied.

(S) Monostatic Skywave Radar has demonstrated a capahility for detectipg ships at one hop refraction

ranges out to more tharn 1000 nmi. This has been done with coarse spatial resolution (60 nmi by

12-degree c-ll) and fine Doppler (0. l Hz and smaller) resolution. If higher spectral resolution is employed,

it is predicted that good ocean traffic surveys can be made on a daily basis. Optimum balance between

the several forms of resolution has not been studied.

(S) Ilybrid tests using skywave illumination to the target and groundwave propagation from target

to receiver have been conducted. Examination of reference targets on the surface and of returns from the

sea permit some predictions. It appears that a hybrid bistatic system can (in addition to its primary

function of detecting A/C, SSM, and ASM) provide a surface vessel detection capability. That is, a
".quiet" fleet unit equipped with the bistatic system could have many of the sensing abilities ordinarily

provided by conventional active radar plus additional capabilities.

(S) It is recommended that the propagation of monostatic skywave radar illumination of the area

around a fleet unit be further tested. In particular, determinations of the possibilities of ship unit obser-

vation of any attacking missiles or missile boat detections should be made. These tests should study

contributions gained from the various forms of high resolution techniques and the requiremrents for

real-time ionosphere assessment for optimum illumination.

(S) The bistatic hybrid surface wave concept should be tested in the ship-mounted environment,

such tests could be concurrent with the monostatic tests. The potential of slow target detection should

be confirmed ind thoroughly described.

6
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C. Buoy Tactical Early Warning (BTEW) (S)

I. BTEW-l (UM

(S) rihe BrEW-I concept involves detection of low flying aircraft at OTH distances by illuminating

the target with a transmitter located on an off-shore buoy and reception of the target echo signal at a

shore based receiver site via a ground wave propagation mode. Feasibility tests were conducted off the

Florida coast using a transmitter located on Carter Cay (just north of Grand Bahama Island) and a re-

ceiving station at Cape Kennedy. The path length was 300 km and the target was a Navy P3V Aircraft.

(SI The feasibility tests were successful and demonstrated that standard radar calculation techniques,

with application of Barricks' loss model could be used with reasonable confidence, to describe the

coverage afforded by the BTEW-I concept. The tests, then, established and validated a model for calcu-

lating coverage.

(S) Several variations of the original concept were examined, using the model, in a first attempt to

assesr potential capabilities in application to the defense of the CONUS, of special strategic areas, and

ot the fleet. The results of these analyses indicate that surveillance can be maintained out to ranges of

300 to 400 km from a shore station with systems of practical dimensions. For example, the east coast

of the U.S. from Nova Scotia to the Straits of Florida, could be covered by about 10 shore stations and

a fence of 30 buoys.

(S) Although the primary objective of the Florida tests was to detect low flying aircraft there was

also the opportunity to observe the launch of a Poseidon missile from sea. Excellent detection results were

obtained. No analysis has been attempted to describe the early warning potential of this kind of system

against SLBM's; however, it seems apparent that significant coverage of this threat can be achieved with

a very small number of terminals.

(C) The program has reached the point where basic feasibility has been demonstrated. Some refine-

ment to the understanding of fundamental limitations is required but more emphasis now should be

placed upon the definition of performance and interface requirements, of detailed concept definition.

and upon examination of some of the more obvious engineering problems.

2. BTEW-2 (U)

(S) The BTEW-2 concept involves target detection at long OTH ranges by illuminating the target with

a buoy mounted transmitter and reception of the target signal at a remote receiver site via sky-wave.

Tests of this concept were successful but indicated that coverage would be very limited for any presently

practical level of buoy transmitter power.

7
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III RECOMMENDATIONS (U)

A. Additional Measurements (U)

((') The committee recommends that additional measurements be undertaken over a 5 to 6 month

period. l'he primary purpose of such measurements would be to obtain needed information about daily

path loss fluctuations with sea state and atmospheric refractivity. Data presently available are insufficient

ti study these effects or establish trends and conclusions. In addition, the water along th'e previous path

is not typical of the deep ocean. An ideal path, for example, would be the 300- 400 kin over-water

stretch from Cape Cod to Northern Maine. Daily signal strength measurements should be made on 5,

10, 15, and 20 MHz and with phase-coded signals so as to eliminate sky-wave contamination.

B. Reduction of Existing Data (U)

(C) As much as possible of the existing path loss measurements oil 5, 15, and 20 MHz should be

processed by Raytheon. Means, variances, and confidence levels of the path loss data should then be

computed. NRL personnel should complete the reduction of aerial profilometer wave-height data

taken on several days during the radio measurements. These should provide some positive basis for
comparison and correlation with sea state. Where possible, brief analyses should be undertaken to

permit rough estimates of the effects of atmospheric ducting on the received signal.

C. Fleet Air Defense (FAD) (U)

(S) Now that the feasibility of the hybrid (sky-wave/surface wave) system concept for Fleet Air

D)efense has been demonstrated beyond any reasonable doubt, it is recommended that during the coming

year (FY - 1) the following efforts should be carried out as the next step toward the goal of developing

an operational system:

"* Provide a receiving/processing system which is mobile and suitable for installation
aboard a ship such as a destroyer, which can eventually be integrated into a fully auto-
mated system.

* Investigate the shipboard antenna problem, select elements best suited to the FAD
requirements, and provide an antenna system for shipboard use.

"* Test the performance of this receiving/processing and antenna system ill a land-based
experiment using available illuminators (MADRE and CHlAPE L BELL).

"* Repeat these tests in a shipboard experiment.

SECRET
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IS) * Pursue Fleet Air Defense System studies to further define the pertormance requirements,
the interaction with other systems, and the operational utility.

* Make model measurements of the cross sections of representative aircraft and missile
targets for iious frequencies, polarizations, and bistatic geometries.

D. Buoy Tactical Early Warning (BTEW)

(S) It is recommended that systems analysis be continued with emphasis in zhe following are is:

e To provide a more complete description of coverage capabilities for various deployment
concepts.

* To establish the mission and provide a definition of performance and interface
requirements.

* To perform a preliminary cost trade-off analysis of the various deployment concepts.

* To investigate the antenrna gain and land-sea interface problems.

* To recommend techniques for target location and tracking.

• To assess the magnitude of the dynamic range problem and to recommend solutions.

* To obtain bistatic cross-section information on representative aircraft and missile
targets.

REFERENCE
I. D).1. Barrick, "Theory of Ground-Wave Propagation Across a Rough Sea at Dekameter

Wavelengths (U). "Research Report, Battelle Memorial Institute. Columbus. Ohio.

January 1970, UNCLASF;5'IED

9
SECRET



UNCLASSIFIED

SECTION 2

SUMMARY OF PAPERS (U)

UNCLASSIFIED



UNCLASSIFIED

PROGRAM OBJECTIVES (U)

IIUNCLASSIFIED



UNCLASSIFIED

THIS PAGE INTENTIONALLY LEFT BLANK

UNCLASSIFIED



SECRET

DETAILED PROGRAM OBJECTIVES AND KEY ISSUES (U)

Dr. J. W. Follin, Jr.

The Johns Hopkins University
Applied Physics Laboratory

8621 Georgia Avenue
Silver Spring, Md. 20910

I INTRODUCTION (U)

(S) ['he MAY BELL program is aimed at obtaining solutions to the sea surveillance problem both for

tactical early warning of missiles and aircraft attacking the continental United States and for fleet Air

defense: that is. over-the-horizon surveillance of attacking missiles, aircraft and ships. (See Figures I

and 2.) A large number of system configurations can be used to solve parts of these problems. At this

workshop we wish to determine the best combinations of systems to do the job and to estimate the

effectiveness ,)f these combinations.

(S) For tactical early warning it is possible to use land-based monostatic skywave or surface wave

radars or a ship-based surface wave radar. Various bistatic systems involve buoys providing line-of-sight

or surface wave target illumination with either surface wave, or skywave, transmission to a land-based

receiver. One interesting possibility would be transmission in the opposite direction since much higher

power can be achieved, leading to a 40 dB improvement in system performance. In some geometries

it appears that a buoy-to-buoy bistatic system would be effective. Finally, the use of an aircraft to

generate a synthetic receiving aperture in conjunction with a skywave illuminator may provide the

sun cillance desired.

(S) For the fleet air defense system, choices are limited if it is desired to maintain radar silence aboatid

ship. A monostatic land-based skywave radar can monitor the ocean around the fleet and transmit the

information through appropriate communication links. Bistatic systems include the skywave target

illumination and surface wave propagation to the ship, buoy line-of-sight or surface wave target illuni-
nation, and surface wave propagation to ship, and airborne synthetic aperture as above.
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(s)

TACTICAL EARLY WARNING

SLBM
SL'M
A/C

SYSTEMS

NK)NOS i ATIC
SURFACE WAVE RADAR
SKYWAVE RADAR

BISTATIC
BUOY LOS TARGET SURFACE WAVE TO LAND OR REVERSE
BUOY LOS TARGET SKYWAVE TO LAND OR REVERSE
BUOY-BUOY
SKYWAVE ILLUMINATE - A/C SYNTHETIC APERTURE RECEIVE

FLEET AIR DEFENSE

TARGETS

SLCM
A/C
SHIPS

SYSTEMS

MONOSTATIC

LAND-RASED SKYWAVE RADAR

BISTATIC
LAND-BASED SKYWAVE ILLUMINATE SURFACE WAVE TO SHIP
BUOY LOS ILLUMINATE - SURFACE WAVE TO SHIP
SKYWAVE ILLUMINATE - A/C SYNTHETIC APERTURE RECEIVE

4SI Figure I. MAY BELL Frogam Objectus. Sea Surveilance IC
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is) Before the effectiveness of thems sy,iciti can tic determined, the following key technical problems

that must be answered for surface waves, the effects of sea state on clutter and propagati(n; for sky-

wa,-s., thle coherence of tile ionosphere on nearby paths. For ships one problem is effectlv" antenna

apetture and btain steering in the presence of resonant superstructure. and %scond, the problem of 10- .

from intertiodulation products front other transmitter% aboard ship. For buoy platforms, tie problemrs

ire adequate antennas. power and wcurity and to some extent survivability of the buoy. K;'y systefli

problcins. mt addition to accuracy. cover ige, and effectivene"s. are F(M. a, nuclear environrvicnt. and

llmiall 110,S.ble gve-aWa) o1 informiation t.) th," enemy as a result of our transniiiiion%.

it') I hce' key problems are tVie basis of the questions prepared for lthe disusion groips and it is

hocl'd that most of them call bc answered at this workshop.

ii REQUIREMENTS FOR EARLY WARNING MUi

I [he usefulness of an nult early warning system depends on the, probability of detection, the

probabilit. of false detections, and tile accuracy of location and identification. These parameters arv

interrelat.-d and depend on the amount of additional warning time achicved.

ist For Flect Air Defenst I see "Fleet Air l)cfnse Requirements (Ut" by Paul T. Stine. SE'RIT. and

"-Fleet A:r l)Defnse Requirements for Early Warning (U)" by Richard J. Hunt. CONFIDENTIAL). a

mininumn of live minutes (until thie threat comes over-the-horizon is required to get the ship to general

quarters, and fifteeii minutes if fighters have to be scrambled. The required accuracy is ' 5" vince the

tarie,'t :', ist he designated within tile 15 - 200 acquisition sector scan of the fire control radars. It is

especiall., important to note that attempts to defeat a cruise missile by ECM or chaff are much more

eftfctivc before a missile locks on a ship.

S For buoy tactical early warning aircraft detections should allow interceptors to be scrambled

for iltercept outside ASM range. Typically this requires ranges of 200 - 300 nmi and an accuracy

of 5 illi.
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THEORY AND MEASUREMENTS (U)
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THFORY 01 AT] NUATION AND) C'LYUIIl Rt U)

D)onald L. Barric1%

liattelle Memorial Inlstituite
50)5 King Avenue

Columibus, Ohio 432()1

I INTROI)UTION i U)

t(U) Over the past year and a halt', work has been underway oil fihe problem of thle interac~tion of an Ill-

radio %va~e with tire rough sea. Iwo main phenomena were of concern in tire stud~y. I aftefliiafin

Nu if ered hýa grouinrd wave propagatIingi across t he ocean under vary ing sea state' conditi on,, and 2) ilic

seat ter t or clutter) returnied to the receiver from the ocean and its relationsh ip to sea state. BothI plinem nr

eiJ COir d ~onlceivably hzc limuit ing factors in radar pert'Ormance. and a knowledge of' their inagnilt. Ide (Is

imiporta nce in the designl anrd dCVelopnnenll Iof suICh a System.

I.U) Onl thle question of increased attenuation versus sea state, no measurements made before the MNI

B1. LI Program were complete0 enough to either contirnm or deny any dependence on sea state. Nor was

any theoretical nrediction available as to the expected magnitude of such anl effect. With regard to Clutter

or sea scatter, melasurements have been available for nearly 15 years which have satistactorily explained

the natti re arnd niechanisni of' thte in teract ion. F~rom observed lDoppler shif'ts it was surm isedl that Ocean

waves scatter according to the Bragg mneclanismi,in the same manner as a simplc diffraction grating.

Measurements of the magnitude ot thle sea scatter echo and its relationship to sea state at [it. hiave been

C.on side ra blIy less comnplete'. only recently have more thorough Mleasuiremients along these lines been tinder-

taken by (roriibie of' ESSA, Hleadrick and others at NRL, and Barnum of'Stanford. as well as thle wo(rk on

datai red uLction presently underway at Raytheon. Trhese efforts, all reported under the MAY BE.L L

ProgLrmni. should provide valuable data onl observed sea Clutter strength. As to the theory, it %%as onlN in

recent years that Wet zel and Barrick related the strength of' the received signal spectrumn dircctlý ito the

Oceain waveheight spectrum evaluated at thle Bragg spatial wavenunibers. T'his enables a qlrantilat ive

con nection between echo strength and sea state which Should corn pleenl lt thc measured data.

'9
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11 SUMM1NARY OF!ATUENLJAIION PRIF)I('IIONS I U)

II I lic. probtclim tit 'It~etaitiionl of .1 smi Lcc wai~c propagatitlrit Jimf)~ ca rottiil Sea hias btcvii .it.i kk-dIl

lilt tttlo%ýmg ini~ii~inicr. ri, irlt 4,111 cttciI~ Sit tacc lilt ptch 1iicc is dcikIVl i kictt 11 i 1k koilctuii oti tilt-I iIii~

iS sýcl .I, Ili, tinitc ,onwdu, ImIiN til %,c.I %aicr, I lieni iiis clicclilk ti llc vu lc iilipctlinkc IS IISkcd lit .111 t

,otlipIiiik Iiloij.1fdii 1t0 IickiicI lilt, kIsih trMiSMiiissttui loss htWccTi l'At poinits o)'tc Ot-i scai %L-ci" kii St 1.114

tlik I , Io tiý, cI hotmtiiir% coindit ion Im Ii lic- slitl ace. File rcsull ', it 'AW I ii~t Ic 1W cd if cl% :iii ;cthliii C

I i, coitiil m, r rougini~icvs) ctiiisists ot it 1% )tkc ils. oile whic.h is iiicridk iliheill) tith iice of Skc.i 'A tci .iit '11k

Miid t11C )tI icr %4. hicti i Idii ilie ClIct IC0I0tighlitc .S. File L ictr iiiok i-S lit iiittpr~ii 0% Cr I lic ( ',cmai ýý i% t.

licicirAt spcct Ir~um. Iii atiatiIii IIhL iLAiICI titimiricailIý . file %&lip- 'Aind-Wi1 '. Sick.t rumiin )Ii tile) tC.1i1 Sill

I~k %%c JN jsVcICCtr.'d 3S .1 11OtC1 Ipci hee Ii presecelL of' swell 1s iielrcct ldi t his model, ais We ll i .1i am

Aiti. I JId VIAicciitflji . Onei thus obt.iiis rcsiills b'r file effective ilipedaiinc- which are IliIIC io0ns 1t '1A lilt!

Spc)-.tI

It lIckn I I st 41'tec II e~ Ilic k iiarIip ccs ire cinlp Ioycd lin Itlc I- SSA\ vr( mntkk IN c prognini ,i ItIll Ihers I ()

haisic r.i-isiiissioi 1(1\s ire obh~icine I0 oshow cleark the diedc of sea state. loss diiiercnIlC In Ill iel

'1 'tel pCrt~etIN i\Smoothti sca i ad %ariouis coinditiotns of' roupghness wecre iphottcdk. iguirc I slit iws suiLi

,m1 eiiito r 10 (%lilt, %crsuis raige and windi speed. tHe COndLICidiIVi iii ocecin water 'Ads takeni IS

41 1i1i1 ll in i id 1 4 3 earthI reftract ivit y factor was Used inl the program. Fransinitier and receiver aire ismmwdiici

I0t:JCdii till [lie suirfice inl Figuire I1. lif Figuire 2. tile actual hasic transmissioni losse, (rathecr than ill,

di tee icc arc show it I rom a stirt'ace-hased Sotr ce to lin elevated receiver. The first nlumiber is thelossIi1

foir a petciKSmooth ,ca and tile second is, I*r sea state 5 ( i.e.. 25-k not wind).

(I I ltresults Show that sea sitat ctiect. becomv more pronouniced at greater rangeS. l-or cxamiilc.

at V\IhI, ild 1 00) nunraiwc. Ilic sinal variai~lioduetLIClt s ttcodro dib ic' i

prropagat ion.

' A rcpt rt Showing t he detals andt results of this work is available a-, liiet ry of G rounrd WAxic

Pro paga.itio n across I Rough Sei at Iekaine icr Wavele ngths'' by D). F.. Barrick .Bhattel chc tcinotuii IinSt it ut

-20
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Ii lho. an.ilm 51 tiiist r front tilt roligli ().Canl surlacC is, approlched w ithi thet Saint: tech1(iiiqu .1s

tised Nor theit 1tet liatimn tcalciilatioiis naiiiek .lthe Rice perturbationl ;iiaI6sis Along woithlite [clerIq44ok I

Ihll~mndrN mi)ditim~i. * Ihei results 41l this study shotw that tile lint-crinitnIJI rece-ised potwer qwt. Ital tleii-at

Midi .i1Alks44lumc i~r sc~atteied I row thet patch )I "ea, ik, canl he espressedl tn the usuial radar Iriiige equtal 1441

2 1L.~ ls~ 1 R k
Oi) R' R) H-'

I~~ ~ H n'Rl -

Ii imiusiitite pmflet i% PI inicnimii gains irc I( distances Irilil tramnsmiitter to) the patch ds aind It' 4!I

1the 11.itJl 1. Ito reCelvcr are R1 I I * ad I 11fwavelenlgth 1" A. Ihie (Iijiintities I~ .iil I. arc the No~tmio

a It no. t ion I'mict iions tromi target patc Itei) thle transmitter and recciver. respeco.t ivly. I hei apprt acli

timl% I or ho~rt range%. ) Thev call he :\ pressecd in terms oIt the basic I ratism assiu ll 1 1 i d B?. I()

e\.i~~ lopc.a

ii Ihe sea sc~atter cross sect ion (j and rela ted spectral density 1f )r vertic~al polaruzta ion oht aimi-d It 411

the anal \ si% arc

o I )= ir k4 (I -_Cos P ) Wi (cos -I. sin ;c .w - w I,

=irk 
4 1I - cosý;)2 Wik, (COSp- I), ksin ,c

Michre k, = ir,'X t', = w,, 2ir is lthe carrier frequency,,; is lthe bistatic angle (rom thle torvard scziter

direct io, W(p. ti, w ) is the spat ial-tem poral waveheight spectrum I'r the sea and W Ip. (1) is thle spatial

swavchei,-ht ypectrum only. Fihe normalitatilmn between power Lind power spectral density is

(I" f a (w) dw

I L As, seen tin the abusec equations fOr a (w) and a" , the spatial wavenumbers appearii: tin the s

height spectra fotr p and tq are precisely those required I'r Bragg scatter. This confirim the interpretation

deduced f'ri n nicasuirements.

*A re~port giving derivations of' sea scatter and lthe signal, spectrum is in preparation. %Iost tii the dernsatimns
,Ife also hound in a paper -The Interaction ofl HlF,'VIIF Radio Waves with the Sea Surtace and Its Implicaj-

titiis - F Harrick. preseiited at A(,ARI) *lectronagnetics ill thle S~Meeting. June 11-

21
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IU1 Figure 3. Received Clutter Signal Spectrum at 5 MHz for Bistatic Radar with IO0-km Baseline,
Effective Pulse Length 12.5 ps. and for Time Delay One Pule Length Behind Direct
Pulse. Phillips Isotropic. Fully Aroused Ocean-Wave Spectrum is Assumed (solld Line).

Dashed Line Represents Likely Measurements from Nonisotropic Sea. (U)
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(U) Figure 4. Received Clutter Signal Spectrum at 10 MHz for Bistatic Radar with 100 km Baseline,
Effective Pulse Length 12.5 ps, and for Time Delay One Pulse Length Behind Direct
Pulse. Phillips Isotropic. Fully Aroused Ocean-Wave Spectrum is Assumed (Solid Line).

Dashed Line Represents Likely Measurements for Nonisotropic Sea. (U)
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(U) To estimate the level and shape or sea clutter signals, the Phillips isotropic wind-wave spectrum

is again employed; 00, obtained in this manner for bistatic scatter, Is -23 dB. This value is more likely

an upper linit because the sea in practice is neither isotropic nor fully developed, as implied in the model.

(U) The Phillips isotropic wind-wave model is apin used to calculate the clutter spectrum for a bistatic

surface-surlace radar. The sea is assumed fully developed. The antennas are quarter-wave vertical mono-

poles, located over sea water, separated by 100 km. The signal permits an effective time (or range)

resolution or 12.5 psec. The elliptical range cell selected corresponds to one pulse length after receipt of

[he direct signal. Figures 3 and 4 showthe expected spectra at 5 and 10 MIz., normalized to the incident

power. The frequency, r' b = wdb/ 21 is the cutoff on the outer sides of the clutter pedestals, i.e.. 0.228

and 0.322 Ilz respectively. The height observed for the "ears" depends upon the proces•or resolutioni:

the Icss the resolution, the shorter the ears.

(U) The interpretation of these hintatic clutter spectra Is again in conformun., wi'h the Brugg scatter

mechanism. The higher frequencies in the pedestals come from the ends of the elliptical resolution cell

near the backscatter directions. The lower frequencies in the pedestals come from the sides of the ellipse,

nearer the forward scatter region. For larger ellipses corresponding to longer delays, the pedestals collapse

to an impulse function centered on fdb, the backscqtter Doppler.

(U) The total clutter power received in this range cell is about 23 dlO below the direct signal. Again,

observed clutter signals are likely to be lower because the sea is rarely fully developed and isotropic for

these radar frequencies. Therefore, a difference between clutter and direct signal of 30 A!B would be

expected to be typical.
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BOMEX SEA 3CATTER OBSERVATIONS (U)

D. D. Crombie

Institute for Telecommunication Sciences
ESSA Research Labs, Boulder. Colorado 80302

I INTRODUCTION

(U) Observations were made during the BOMEX project of the coherent backscatter of 11F ground

waves from the sea, along the east coast or Barbados Island. The data were taken using a multifrequency

coherent ilF radar system operating in the range of 1.7 to 1.37 MHz. Successive pulse pairs were trans-

initted in each of eight preselected frequencies in the above range. The demodulated signals were sampled

-it four ranges (22.5 - 100 km), passed through an A/D converter, and recorded digitally (10 bits) with an

incremental tape recorder.

(U) Short vertical broadband monopoles were used for transmission and reception. Two of these were

spaced 100 ft. apart and switched alternately to the receiver between each pair of transmitter pulses on

the same frequency. Thus, 64 separate sets of data were recorded.

(W) The basic repetition rate of the transmitter was 60 pulses/second and the pulse length was 40 ps.

Thus. each set of data (one antenna, one range and one frequency) was sampled 3% times per second.

(U) The radiated power and receiver/antenna sensitivity were determined using a field strength meter,

and a small target transmitter located several hundred feet from the antennas. Calibrations were made at

each operating frequency. Radiated powers ranged from 26 watts at 1.7 MHz to about I kW at the higher

frequencies.

(U) The transmitting and receiving antennas were situated about 150 ft. from the edge of a cliff which

was about 30 ft. above, and 200 ft. away from the water's edge.
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II DATA ANALYSIS (U)

WUr) Tlirty-ininute samples of' data were taken and subjected to fast Fourier transformation in the

compIIuIer A lloulder. The prograin was written to identify the spictral densities and the bandwidths at

th,. -3. -1 Oand -20 dB levels as well as the frequencies of the spectral peaks. From these data the RMS

,igail level at each peak could be obtained. Knowing the receiver sensitivity and thc radiated power. the

,ctiering cross section, o, of the sea could he calculated from the following formula,

d4 1-2

2.25 x 104 P

where

d = distance oF the scatterer in kmi.
1-r= received field strength in pV/m, and
' = radiated power in kW

Wi) This definition or a, which is particularly appropriate to ground wave radar, results in values which

aire smaller by a factor or three than free space formula. The factor three arises because it is assumed that

the scattercr behaves as a short vertical monopole contributing a factor of 1.5 that re-radiates into the

hetmi•plhere above the sea contributing a factor o? 2. The effects of ground wave attenuation are not

included in this formula.

IH[ OBSERVED SCATI'ERING CROSS SECTIONS (U)

(U) Some of the values of a observed at a range of 22.5 kin, where ground wave attenuation :an be

ignored. are shown in Figure 1. The right-hand scale shows the value of relative scattering cross section

o° (i.e., cross section per unit illurrinated area). The values shown are for approaching waves resulting

From partially or fully developed seas at wind speeds of from 10 to 20 kts. The receding components have

cross sections about 20 dB smaller. The values shown are averaged over the whole 1800 sector illuminated

by the transmitter.

IV SPECTRAL DENSITY OF THE SEA SURFACE (U)

(U) Knowing the scattering cross section and the bandwidth of the scattered signal, ft is possible to

determine the non-directional spectral density, S(1), of the sea surface for the wavelengths observed.

28
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Ihei required relat ionship is.

s~l. I ni /sec'

ir2 d di 0

s6ci hee is thle scattering cross sectionl III m2 at a sea wavelength I mieters or a wave IrTequency of' 1: liwi

d is, the rangee IIn), (to thlt radial length (Ill) ofl(the illumninated area, and g is tile acceieration ol gravity.

I I ) Sornec exaiuple.i of' noirdirectioiral Irequency spectra obtainred ill this way are shown in l-iifr'u 2

I hle 1\ Cl erCurve Shows Mn obSerived spect rumi foi comnparison withI Mosk w it/ 's 20-ki tSyniopt ic SpeCt rutirl

lie nle \ t curvc shows thle results f or a Wind believed to be lighter than f or ( lie lower curve. 'I ihe two

uppecr curs es show spectra obtained at the same time as the NASA wave-meIasuring aircraft was flyinug over

thie area (in downwind direction) where the radar data were obtained. Significant wave heights de-

nived from "ASA data are also shown I )r comparison with those derived from the spectra shown.

11w afreeruenit is good and althoughi the wave heights are small, the comparison shows that wave heights

mrid spectra canl be obtained f'romi backscatter data. H owever. to be ulsefuLl under rougher conditions, thle

riAdair was elengths need, to he increased.

V BANDWU)DTH OF THE BACKSCAT'[ERED SIGNALS (U)

W) Some r.!presentative bandwidths ol'backscattered signals are shown inl Figure 3. The plotted 'lc

aire thle ban1dwidthl 10 dB below the spectral peak. Plots of thle spectra showv a strong tendency towards a

Gaussian shape rather than the sin x/x form expected from simiple theory. The points in Figure 3 show

that the Doppler bandwidth increases with frequency but that thle rate of in~rcase depends onl sea state.

T, points for 11I July represent relatively rough conditions, while those for the 14 and 16 July represent

lather quiet,,r seas.

VI SHIP SCATTERING CROSS SECTION (U)

(S) D~uring thle BOMFX ob~ser-ations sonic data was obtained about the cross section of the IJS(CGS

,iilr pmt. Mitchell. The revised estinm,;!ed cross ;ection was - 400 in12 using thle detfilidion of (J given inl

e(luatL:on 1. The frequency uisedl was 2.9) MHz. Observations at other frequencies were unsuccessful be-

cauise of the high noise and] interference levels present during thle nighttime observations.
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(U) WAVE SPECTRA

July 11, 1969 1415 Hr

F'- /RMS Amplitude: 029m
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> July 13, 1969 11 15 Hr
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0 0 HII 3  :0.5 m

0 .
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.E uune 12, 1969 1056 Hr

Mokw-zRMS WLve Amplitude:0.24m

Knots~ 11WWind H I/ 3 : 06 7 m

0
0 I 2 3 4

Wave Frequency(Hz)

(IJ) Figure 2. Wave Spectra I)educed from Cross-sections (U)
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(U') Figure 3, Observed Bandwidths of Backscattered Signals (U)
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I Ih'w MI. Mlttcfhell has ill overall lcngfh of 231 fce., bcai of 4-2 flet 111id I displaItc.liof I)o 102

t1o1kI. Ihf Ilk-IuIItI l Il o I o apll p IS lo iiat lI ý 4( 1 lo above' tic wa•.lc I I Iit-, Ihe Iop of I lie I ;lest I1,1! is -0( 1 t-1 L I

,hbtc f"ic ý,,.ter III•. I hc iis, •ie as aw )apro\Iili•ldt y 100 Ifet ,)parl.

is.) \ 0 h e CI ISic .ro,, ,,'lioi i 1 Ir.L'awl iL.' a factor o( 1 3 it. ) br H IP i1 ii CLcOrdaIILT with COuiMIIII aIII

I1c spfI " delfiniiiioins of (I 1hi \:1m. t.tolliics I M ID) Inl2 HihCMVIC; I iIi ", oft Iht crio)ss •cli. ItI)it (o)f I

dipol' -|C 1101 Ilog11 In I1T r p1lAT. a1 -. ') kilI/ ,ivýCS - 100(0111W I he agrcrin1111 appears good, htlt lhu

ihc'WOi 11i11i'I IIIIAI is SIrongll llCdI)MId II on IhC eflfctive InigIh Of IIoiic ilid,,.

VII (ONCLUSIONS(IJ)

is) Ic Iain tOni.luioiis I'1oii this wolk usilng a nonOllOoa" I ic backscat'tcr radar arc lie IfollowIng.

"* I'The average Scatterilng cross sct.ilon of' th sa can be•.a stimnaltd if ith non-direcc i)lon

Spect(rumi of Ih. sc, is known.

"* The intrinsic bandwidth ofte bl'ack scatllerd signals is very small hut increases wilh

'rqntcncy aid sMid stlaIA.

"* It alppears Ithat Itherer isna.lii' reasonnagreen t bh.'lwccn ii thoret ical estimatcs of' Ship

cross sccectionls hascd on ilist heighit, Iland a measuremntn I (,see Sectlion V I ).

.!I
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MEASUREMIE'NTS OF PATH LOSS (U)

H. Hoopsian

Raytheon Company
U-quipment Division

OHI) Advanced Development ID)epartlent
Spencer Laboratory

Burlington, Ma.sachusetts

I OBJECTIVE (U)

(11) I[hc primary interest of MAY BELL ground wave signal amplitude experiments was to measure

path loss on several frequencies, to correlate the signal fluctuations with sea state, and to test the validity

of the rough ocean scattering model developed by L). Barrick of BMI.

II APPROACH (U)

Wi) Surface wave signal levels were measured on a propagation path between the transmitter site on

Carter Cay in the Bahamas and the receiving site at Cape Kennedy. There were two transmitters on

Carter, radiating about I kW over monopole antennas. During the first three months of 1970 operation

was on four frequencies, near 5, 10, 15, and 20 MlI,.

(U) Signals were received on the ITT 16-element array on all frequencies during the entire program

and with reference monopole antennas on 5, 10 and i 5 MHz over a shorter period. All transmitting

and receiving antennas were in close proximity to the shoreline so that the propagation path was sub-

stantially over an open stretch of ocean for a distance of 300 km between path terminals. However,

approximately 80 km of this distance lay inside a shoal line defining a region of low water with depths

ranging from I to 5 fathoms.

(U) hie index for sea state used in making comparisons was taken to be hindcast wave height (see

Figure I ). Fhe reference smooth sea datum was Norton's prediction for ocean water with conductivity

of 5 mhos/m. In this analysis, computed signal levels were derived from Norton's formulation for a

radiating elementary monopole. Estimates for the available power from a receiving monopole were then

computed from the free space aperture, using the free space gain of 2 dB for the monopole.
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III RESULTS WIJ)

(I!' Path loss data oil 5 Mli with InOinll~ohl rvc.'eption see I(igurc 2) was available hlr 13 days in

March. Signal level flut tuations over a range ' l 5 dB were nicasuired. The lowest value ol signal levcl wds

obserned around the 9th of March wh.:re liindc.at data showed a inaxinuli wave height of 13 'elt.

I O) (in 10 MilIt, loss data 1fron the mnonopole system (see I igurc 3 ) showed little convincing

day-to-day correlation with hindcast data with the exceptlii' of' the period I10 March - 15 Merc.i. during

which rough seai were reported. l)uring thiis tiine, the signal level dropped by approximately I0 dhll

bclo% the estimate for a smooth sea. l'hc overall spread in power iMeasurCments. 0 dB to 10 dlli below

relrc!ic, agrees closely with the Barrick predictions for a distribution ol sea states rangirg froin 0 to 5.

tW) I hi.'re were I I days when the I 5-Mil, signal was received on tile BSA. The BSA was calibratcd

against the I 5-Milz monopole and BSA nIeIasuremnents were adjusted accordingly. Although the data

base was miore restricted, the I 5-Mltz dlaia displayed trends shnilar to the I 0-MiI,. data; little or no

correlation with hindcast except for the N1vi i- 10 - March 15 period, and a data srpread ranging front

2 dB above to 10 dB below the smooth sea estimate. This compares to Barrick's estimate of about +I

to- 14 dB for sea states 0 to 5.

(U) The data base for 20 Mtlz (see Figure 4) was 6 days. Data was collected on the BSA but a

reterence monopole was not available for calibration. (onsequently, the BSA gain was assumed to in-

clude the full I 2-dB theoretical array factor. On this basis, the values of received power display a range

to 15 dii below the smooth sea estimate. There was insufficient data to search for low signal values in

the March 10 - March 15 period.

(U) A con,marison was male of hindcast data (see Figure I ) with wind speeds recorded over the same

period at GBI and Cape Kennedy. Only a fair correlation was noted. In the hindcast data, the occurence

of northerly winds appeared to coincide with the highest values of wave height. This would imply ocean

waves travelling in a direction more or less transverse to the propagation path, where the effect on path

loss is minimal, and consequently would be expected to produce a decorrelating effect between sea state

and signai level on a point-to-point basis.

(U) Skywave contamination proved to be a serious problem on all trequencies. On analysis, a sub-

stantial portion (about 40 per cent) of the data was rejected oil the basis of suspected biasing by sky wa~c

signals. The elimination was accomplished prinmarily by examining the peaks of the signal spectral

density for stability over a relatively long period.
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IV SIGNIFICANCE (U)

t)ll It i., concluded that the mneasuremlents showed little da•y-to-day correlation with hindcast data
for the sea except for one high sea state period in March. Treated as a whole, however, the body of data

did e•shibit an unquestioned Irequency behaviour substantially in conformity with the referenced pre-

dictions fIm the sea states encountered.
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SVA ('LurTF'R PRI)DICTIONS AND MEASUREMLNTS I U)

Jerald A. GrimL*

Raytheon (ompany
Il'quipment Division

OHi) Advanced D)evelopment Department
Spencer Laboratory

Burlington, Massachusetts

I INTRODUCTION (U)

(S) It has been expected that, in certa n a.pplications ot'a gr;unt' wave radar ,)perating over ocean sur-

faces. .lutter from sea waves would under some conditions be a limirag factor for detections. ('onsequent-

ly, an important part of tile Raytheon MAY BELL experiments in Florida during the early months of 1970

was to attempt to determine the measured power spectrum of sea cluttcr under a range of geographical.

system, and environmental parameters. These experiments constitute • direct test of predictions made by

I). Barrick of BMI. Preliminary results are in good agret'ment with those predictions.

II PREDICTIONS (U)

(U) Barrick has predicted clutter peaks 23 to 40 dB below the direct signal at !-0.25 Hz for a

5.00-Mli. signal and at ' 0.315 Hz for a 9.259-MHz signal. In each case additional peaks at ,/-2times

the original shift are predicted for sufficiently high sea states. Barnck further predicts a minimum clutter

frequency equal to fce o 0 times the maximum (backscatter) shift, where 9 is the half-scatter angle

and the scattering ocean wav-s are in this case approaching or receding perpendicularly to the transmitter-

receiver path. A further prediction is, the absence of clutter if the maximum ocean wavelength is not

equal to or greater than half the radio wavelength, i.e.. low radio frequency and low sea state.
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III DATA BASE (U)

I U) Tc primary data analyzed to date is summarized in relation to Navy Oceanographic Office hind-
c;,t Awiv: height and direction in Figure I. On 17 March the buoy was anchored offshore from the re-

Livje' site at Cape Kennedy. On 19 March the only other successful operation of the buoy high frequency
w.), r•',-orded from a I 20-km range. No buoy transmissions were available during the two highest sea states
of 4.,nd 15 March. The only significant change in sea state during buoy operation was in wave direction.

IV SYSTEM GEOMETRY (U)

(U) Figures 2 and 3 illustrate the buoy transmitter, receiver, and range gate locations along with an
ind.icautjion (if the heights of flia ellips)idal range pie regions. Ocean wave, ground, and ionospheric

S..cal 1crig regions are identified in terms of these maps and related to observed returns from each range

jgate. Most important for clutter analysis is the relation of ocean wave direction in each range gate to

ph•yc..Al rc.quirements for scattering, together with the directivity pattern of the receiving antenna used:

ii this e.xperiment either a narrow beam directed toward the transmitter or a nondirective monopole.

V WAVE INFORyATION (U)

11U) Direction and amplitude or ocean waves for peItods in which buoy transmissions were recorded.'
s•tumarized in Figure 4. Variability in either parameter Is indicated on days when either direction, hei:,-

or both were changing significantly. These data are again those from the Navy Oceanographic Office
hindcast. Dir;ct determinations of sea state in the areas of Interest have not been available. The uncer'.ii:

ties concerning true ocean wave behavior as opposed to best available estimates thereof must be kept ir,

mind in interpreting observed clutter.

VI CLUTTER MEASUREMENTS (U)

(U) In general, sufficient data has been recorded and processed to investigate clutter variation with
ocean wave direction, transmitted frequency, directivity of receiver antenna, and ocean wave amplitude.
Variations :n observed clutter with the specific geometry of individual range pies can also be investiga'.
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(U) Figure 5 illustrates the variation of positive' and negative cluter peaks with wave direction.

iHigher positive clutter is observed for waves approaching the transmitter and receiver, while higher

negative clutter is seen for waves receding from the transmitter and receiver; since with the directive BSA

and range gate one, the primary scatter region is beyond the transmitter. Figure 6 further illustrates that

the detailed behavior of the negative clutter varies with individual range gate areas. Detailed geometrical

study shows that the observed increase in amplitude of this negative clutter is expected.

(U) The general increase in clutter doppler with higher frequency signals is illustrated in Figure 7. This

qualitatively substantiates predictions, and specific data will be sought in which the true maximum shift is

believed to be observed at two different frequencies so that quantitative comparisons can be made with

theory.

(U) Receivinig antenna directivity is expected to differentiate between positive and negative clutter, or

scatter, from regions of waves approaching or receding. Figure 8 illustrates that, in range gate zero

(direct signal included), and range gates one and two as well, both positive and negative clutter is observed

by both the directive and monopole antennas. The BSA sees much less positive clutter, which in this case

came from far off the beam, than did the monopole, which does not favor any azimuthal angle of arrival.

The tu-: .:, iositive clutter observed in this cae via the monopole is further illustrated, along with

the niiniW u.• and maximum clutter doppler. on a facsimile display, shown in Figure 9. Note that black-

ness is higher ceceived power and carrier position is indicated as doppler zero.

(U) A considerably larger data base (three month:, four frequencies) is available if we examine the

Raytheon CW signals from Carter Cay. This is particularly valuable for investigating high sea state effects

which did not occur with any significance during phase code operations. One preliminary sample was

checked for this report. the highest reported sea state of q March, and for comparison the low sea state

immediately following this on 12 March. The marked effect of this large change in ocean waves is indicated

in Figure 10. The combined loss in signal power of several dB and the presence of clutter only about 25 dB

down in the case of the high sea state is most evident. The possibility of higher order clutter peaks,

further down but with higher doppler shifts, is also indicated in the 9 March power spectrum. In compari-
son with other data, it is expected that in this case observed energy to about _1 Hz is most likely e1ated

to ocean wave effects. Analysis of this and other CW data will continue.

VII CONCLUSIONS

1U) Phase coded data clearly identifies clutter and, together with the good agreement of Dr. Barrick's

predictions with a small sample of data, analyzed in terms of the best available measurements of environ-

mental and system parameters, contributes guidelines to identifying clutter in a much larger set of CW

data.
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(U) Specific clutter levels and dopplers can be determined for the particular geometries and sea states

experienced in this program. Completion of analysis of this data will result in statistics concerning the

amplitude and frequency of all identifiable sea clutter in the 1-hase code and CW data and comparison with

available sea state data.

(U) Primary limitations to the conpleteness of this phase of the MAY BELL propagation experiment
were the lack of better sea state information, phase code coverage of more varied sea states, and

simultaneous high and low frequency signals from the buoy.

U0UNCILASSIFIE[D



UNCLASSIFIED

.4.9

I-A

ko ko

m CLd

0U

I -0

0 00

CL 
- 0

0

Y -
- 1

0

UNCLASSIFIED



UNCLASSIFIED

(U)

I II

-05 -04-03-02O -0 0j 020a 04 05 06 07 H:

POS
NEG f*

k..

-05- 404 03 -02-0 0 1 0 2 0 3 0 4 0 5 0 6 0 7 HZ

MEG rT

52
UNCLASSIFIED



UNCLASSIFIED

'(U)

RGO

-s -,ty'W

~~3H5 - RG

)0. Hz

iU~Fiur?.Ouic Va~o wthIrtjcrw o Imnw.%sII~ Iuo. -k,.RGt~~iO.IS L

- lr v'3

UNCLASS IED



UNCLASSIFIED

ILI

00

B.0

wee~

0

10 a

S4.

UNLASIIE



UNCL ASSIFIED

z z

V) 0 -

CDC

o 0

o., 0

^4

0 0

oi 0 .

0. -C

z

UNLSSFE



UN C L A S SIF'IEIDC

NN

, \Ni

"I~ N

'Soh

N"N

3tI

.2p

J,

7>

UNCL-ASSIFI-



UNCLASSIFIED

TllEORETICAL ATTENUATION FOR TERRAIN - SEA PATHS (U)

Dr. R. H. Ott

I niitulv for Telecommunica lion Sciences
ESSA Res.arch Laboralories

Boulder. Colorado 80302

I INTRODUCTION (U)

IIIl Rc'cintly an integral equation ror ca••ulating the allenaltion or radio waves propagating over

irrteglilr. inhlomogneous terrain was derived, lit this paper. the Integral equalion i. applied to four

fIrrjin profile,: a (;aissl;in-ihped ridge. a sa-l;nd-sea path. a sca-land-sca patti with tn island and a slop-

in lg v.ah1,It high and low tide. For the caw' of the Gaunsian-shaped ridge. the soltlaon Is compared with

%ol:llion oh•tained using classical methods sii•' as diffraction theory.

If EXAMPLES (U)

A. A Gausian-Shaped Ridge (U)

(U) The terrain profile is shown in Figure 1. The ridge is I km high at a distance or 5 km from the

Iransmitting antenna. This example was chosen as a check on our formula's capability for treating

terrain 'eatures having large slopes. The slopes for Ihis example are near 45" ror some points on the

profik'. The antenna it, vertically polarized and the frequency is I M1-7. The ground conductivity is 0.01

mnho/ir. and the dielectric constant is I0. In Figure I the magnitude of the attenuation function

norm.li/ed to twice the free space field is plotted versus distance in km from the antenna. The observa-

tion point (receiving antenna) is located on the profile shown in Figure 1. The three sets of data in

Figure I correspond to three alternative methods for computing the attenuation function and two of

thesc.srve as a check on the accuracy of our formulation. The solid circles were computed using our new

intcgral equation. The open circles were computed using the classical Hufford-Feinbcrg2 integral equation.

Thi. crosses were compuited using simple diffraction theory to compute the attenuation function for a
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rounded knif..",;ge model for the ndge. Ifhc agreement b'tween the open and solid circles over the

entire "an.ge demonstrate% the -validity of our new tormulation. The advantage ot our formulation over

th,: llufford-l:einbcrg oninulation i3% iot brought out in this e'x.amhpl sInce 1hw tile'ttVncy 35 sl tWiiL'|itly

low so that ý..:cumulation 01 roundotft error claractcrisic (it' the lluItlord-l em1bcrg tormulation at frc-

S.i'n ilov' a l.Cw N1lI, doe,, not ,,t.ur. Both integral equation soluition% agree well with Ihl% result,

based ov' diftraction thcor) on tile "hadcd -,ife of thle hill. llowtccr. the diffrwtion r.'siits do not prcdik.t

0,e large peak in the attenutlion iunction oil the lit side of the hill. lI'M% peak in the attenuation function

cal lbe e \pl.uned b, considering thef •oflsl Initc lerthren.c hetweeni a dirc, I t.i, from thc antenna to

a point near :he crest of tit, hill and a ra• whit h travel, along tlew uirhc:. bvl•or rcachin• wl" obscrfaotlon

point inear the crest. ['his peak has a inagnitudc approsinatclN twice tlew tree %pace field. The fI'Sid drop%

.arpl.k on tile far sid- of the hill. then partially recovcrs a% the ray diffrit,:icd at th1e krest is reilforc.d

.N tlew surface wave trav•ling down the slope.

B. A Sea-Lind-Sea Path IU )

1L1) [he terrain profile is Ilat in this %..ainpl and tle ground ,onstants change abruptIy at the sea-land.

land-sea interfaces. This eaniplc was selected as a check on the mined patIh capabilities of our fon,|ila-

lion. in lFizure 2 the results for the mnagnitude of the ýittenuation function ,onnalized to twice the tree

spac. filId are plotted versus ,6istance from the' antenna in kim. The antenna is vertically polar.'ied and

the lrCr.lttcnc. is 10 Mili. Ilie solid circles represent thle attCenation fUnction computed nuinerically

LIsint our ne'w formulation. I'li openi circles., in t 2vtte 2 represent the attenuiation function computed h>

Roich 4 I[S 137)" using a periurbation approach. The data given by tile crosses in Figure 2 represent the

attenuation tunction computed using a meth-,d based upon the classical :esid,,: series. This latter method

is esact for the three-section earth considred in this example. The agreement between the solid circles

repres•.cting our new integral equation and the crosses appear, to demonstrate the validity of the formula-

tion in treating mixed path propagation problems. The abrupt changes in ,:onductivity and dielectric

constant used in t1-is example do not represent a realistic sea-land interface. Our formulation is capable

of treating a continuous variation of condu• tivity and dielectric constant.

C. A Sea-Land-Se Path with an Island (U)

1 U) I'his example a. :ombintiG;,i of the terrain feature% of example A and the mised path teatures of

exaniple B. The island is drawn to scale in Figure 3 and its elevation is ;M:ill at the highest point. This

elevation may be greater than the elelvtion of any point on iAands ot interest in the MAY BILL program.

howcecr, this elevation is much smaller than the cievation on ,onic ilatd'. for campkc \!. Mauna La in

llawan, which has an elevation of 4 kim. l'he niagnitude of the attenuation I'tnction inonnaiihcd to twice

the flree-sp3c Iecld sersus distance is plotted in Figure 3. thc antenna is %ertimall. polaritcd and the
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(W)

t'requency is 10 MH/. For comparison, the magnitude of the attenuation l unction for a flat isdand is also

shown in Figure 3. l'Th most interesting feature off Figure 3 is that tile terrain prolile has a greater ffc~".

on the attenuation f'ulnction than do changes ini the ground constants. this may be an important consider-

ation in the MAY 1E:1L-. prograin since the field strength may be highly attenuated in the shadow of an

island with moderate elevations.

I). A Sloping Beach at High and Low 'ride ( U I

WLI) his example was brought to (lie author's attention by Blarrick 4 . The terrain prolile togethier with

the as',tliued ground constants are shown in Figure 4. Figure 4 also shows the attenuation l'unction

normali/ed to twice the free space field plotted versus distance ftroni the transmitting antenna in kim. In

,cases of interest the transmitting antenna may be as tar as 120 km from the beach 4 ý however, for this

numerical example the transmitting antenna was taken to be 2 kml from the beach. This change in location

t'or the transmitting antenna merely changes the ordinate scale in Figure 4, hut not the general features of'

the attenuation function as the radio wave strikes the beach. The antenna is vertically polarized and the

t'requency is 10 MHz. The solid circles represent the attenuation at low tide while the open circles

represent the attenuation at high tide. The difference in the attenuation function at high tide and low tide

approaches zero for observation points high uip the beach. This is partially caused by the focusing proper-

ties ot' the profile for observation points high uip on the beach. The model used to study attenuation at high

and low tides is an oversimplification of the true situation. For example, the water table under the dry

sand may be less than one skin depth (approximately 16 meters for a = 0.0001 mho/m and f = 10 MHz)

below the surface. This would result in less contrast in a and er as the tide varied. There is the additional

problem that the tide comes and goes every 12 hours which makes a and er functions of time. This in

turn makes the attenuation of the radio wave a function of time. These further complications are however.

completely within the scope of applicability of our formulation.
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SLBM RADAR CROSS SECTIONS AT HF iU)

G. N. Octzel

Stanford Research Institute
Menlo Park. California

I INTRODUCTION IU)

(U) I'he submarine-launched ballistic missile (SLBM is distinguished as a radar target chielly by
the ltct that it is a much smaller and more difficult target than a large ICBM. It is physically smaller

at launch, since both U.S. and Russian submarines will only accommodate missiles that are about 10 m
lonh . Because of its smaller si/C there is less engine tha-ust, and the SLBM generally does noi continue

the engine burn as high in the ionosphere as the ICBM.

(S) Tile current Russian SLBM's, the SSN-4 and SSN-5 are very-short-range, liquid-fueled missiles.
Both are ,ingle-stage missiles. The SSN-5, the larger of the two, has a maximum range of about 1300 kim..
Fnginc burnout occurs at about 70 km, when th,. missile velocity is only about 3.5 km/s.

(SI IIn the future, multi-stage Russian SLBM's with performance comparable with or exceeding that

of the Polaris can be expected. The A3 Polaris has a maximum range close to 5000 km, and second-

stage thirust termination occurs at about 170 kmn.

II LOW-ALTITUDE CHARACTERISTICS (U)

(S) When a missile is below 70 or 80 kin, the burning engine does not increase tile radar cross

section very much, if at all. When radar illumination of the vehicle passes through the engine plume,

attenuation may occur and reduce the radar cross section ( RCS) to extremely small values. Because

of this attenuation, a "blackout" of the missile echo is usually observed by backscatter radars located

near the missile launch site.

Sis) When tile missile is viewed from aspects other than the rear. the RCS in the low-altitude regime

is simnrly the skin cross section of tlhe vehicle. Samples of the ,kin cross section, or static RCS, of the

Polaris and SSN-5 are shown in Figures I. 2. and 3. Figure I shows the maximnum R('S of the Polaris
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beoestaging, or below 310 kmn. as .1 Itunctioi ()Il requncllý In this' kalk Illationi. the missile aiid

10 II/ tatireil* mstintrksl o 1 Y III Ll. B lecause tilie SSN- 5 is soin-imcha larger thani the

VomisRCS at 10\I In\b-a higigc As IM in- but no eihamelifti~er this v'jltii shioiil! o

.1 .11 altiitude bek-Lausko illo-I altitude of tlurist teriuiilaioii.

Ill LNHANCELANLT IN THE IONOSPHERE I U)

(Si 1 thle engine thrust :ont inics abmv 8 0 kin. tile RCS increcases wit h al1111uide due to shock

wll i '1n1 .1round thle bolundarý of' the cshuauist plume. Fich increased RCS duec to this mechanisin

L'on Ii it: c up ito anl altituide ot abotat 1 20 kin, whe~re the inechaInism ot' RC S enihanucemen t changes. Iii

SOule cac.RCS \ ames igrcalcr than 10 I in- ia~ e been observed onl Polaris launichies in this alt itutde

rct-minc. I lowec er. it is nlot unicomimon to tind tiat tile RC'S nic' r eceeds 10 4in 2 on a particular lauinch.

IS) I~i--utrk~ 3 and 4 shim~ the raiigc oh rcsit hs obtained by ITT and A I:(RL . on thle most laJvorabIc

tc~sts ot lthe 1964 mneasuremnwt serie:s at AlTER. Of 18 Polaris lauinches observed, eacti organization

cliosc to redluce data onl julst thuree launchecs tor reasons ot economy and because tile data quality was

poorcr onl the othier Iannclics.

(S) Observations of' larger missiles, SuIch aS thle Minutem~an, Show that tile RCS generally rises as the

Ilii ssilC 01111ii IC us to burn abit~e 120 ito 130 kinl in the day time. but that the RCS falls dramatically above

that Altittidc at night. Fliw rcsuti, is a considerable omerall difference in detectability bet~ecen day and

nii-flt oblser~ations.

(S) Whecre tile P~olaris has been obser~ ed to burn above 130 km.l the continued i ise oh RC'S in thle

da\ timec has not been observed. Thec large RCS at ab'nir 140 kmn in the ITF data ( Figore 3) is apparently

asoitdw ith separation ot' the re-em trv bL~d\ . Making allowmnce Ifor the separation pealk. no

Imu-h-al lttidelk enhancement is seen in tilie data olr Figures 3 and 4.
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IS) Fisure 1. Conlparison of X-Band Model Measurements and Tai Fom, ula Calculation for

E-Plane Maximum R(CS of Polaris (U)
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iS)
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is) IV IMPLICATIONS FOR MAY BELL tU)

i•) 1"1w' SLBM is an extremely dkTt.anding target for either an ()1ll),y%tem or a semi-OTlI s•.>'nI

, iih a low-sower illuminating transmmitter. such as is 'onerinplafed in tI1 lierI;W oncepf Whilt larger

K(S val•e'% are obtained on occasion. it .sevin best to expect the R(S to be of the order of 50 m in

the Iirst Iw km at launch. and 103 to 1 4 " 2 at 100 to 120 km. The enhanced RCS at high altitudes

1.8. I.i.-t lor a few seconds onlý. which provide% an additional prohlem for dett,:tion.

IS) (1.1ernations prior to the Ir'eent hlav. generally been made at I ' MIlt on above. It would bI'

LI'tful it lests of the MAY BVLL eouiloment would also provide %onie ob%.rvatmons in the 0- to tO-MIl/

r~alle.

IS)

10'

U

,o' 1

70 So 1O ISO ISO 1?0
ALTITUDE--%^

IS) Fiture 4. Composite Plot of RCS asa Function of Altitude fer the ITT Data from Tests 0324.

2903, and 29SS (UI
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10'

IO

'0'

C0 so 100 20 140
ALTITUOD -he

IS) Fygue 5. Composite Plot of AFCRL Obwnvation of Polaris Launches 0038. 2903. und 2955

from GBI U)
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MEASURED SHIP CROSS SECTIONS I U)

J. M. Headrick

Naval Research Laboratory
Washington. D. C.

ISO (ro' -,ection determinations have been made with the MADRI radar using ground-wave

prllag.•iton. A quarter-wave monopole located on the ('hesap'akc Bay ha% been the gain standard used

lor .i•ntini calibration. The water conductivity has been measured for each test and a path-loss detcrmina-

tion miadca..tter the program of L. Berry of 'SSA.

IS) Figure I shows a MAY BELL buoy that was fitted with a modulated (I0-Hz) antenna by EPL-ITT.

Fi•cire _' is an example of the characteristics of this type target. The left column contains, from top to

bottonm, the echo amplitude of one sideband versus time, the Dopplers (9.5 Itz and 10.5 Hz) versus time.

.ind the amplitudes versus frequency. A one-half Hz offset from zero was used to obtain the above. In the

oluninui on the right a similar set of pictures (in different order) are shown but with a true zero frequency

rductiom. Notice that the two sidebands do interfere both constructively and destructively depending

uponi the tinte.

IS. -,gure 3 shows the radar return from the final version of the buoy intenna target. The target

i'p|•car.at 7.5 and 9.5 lIz. the level reference at 10.5 Ili. The radar area determined for one sidebind wa%

I9 dB Ini-. The relation used was

Pt (4wr)3 10 F!•

0 = Pt G2 X-'

*hvr- I- i% thi tround-wave lis l'ator per L.. Berr) of I.SSA.

it') l, iurc 4 give,' normalized %ignal levels made using the albkov techniques on HMS Arethui. .a

Brdn~h Irfwaitc The difference bet,&tc the curvc dcfired by thcse point% and the plotted losIs kure jinso

the radar arca. Ihc droop in the ,ignal level% at the Ionger ranges due to shielding by ('ovt Pimrt ti sccn

II I Uitur" ý

it I I inure 6 i% a picture of the USS I bhorea, and Figure 7 gIse• t1w radar area determination

1t ' I'gurc 9 is a pioture of the 1?.S• Iurer. and Fit•rfc gives he radar area determination.
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jU) Figure 5. Chesapeake Bay I U)
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HF BACK SCATTER FROM A SHIP'S WAKE (U)

D. D. Crombie

Institilte for Telecommunication Sciences
ESSA Research Labs. Boulder, Colorado 80302

I INTRODUCTION (U)

(U) In 1968 the writer suggested at a Defense Science Board (I)SB) meeting that the highly period,c

structure of a ship's wake might have a large resonant scattering cross-section. It was also suggested that

at some aspects, at least the Doppler shift of signals resonantly scattered from the wake would he differ-

,nt from that of the signals resonantly scattered from the sea. As a result Dr. H. Kurss has investigated

how the Dorpler shift from a wake depends on the ship's vciocity, on the direction of incidence, and how

its value at resonance compares with the Doppler shift of the sea clutter. He has also investigated how the

scattering cross section depends on the same factors. This; note will summarize his results.

i1 DOPPLER SHIFT (U)

(S) The Doppler shift of the signal back scattered from the sea is given by

(Afr)s=-2= ' 3P'/41r)(jg/vjcos(0±0c) '/2)

while the Doppler shift of the signal scattered from the wake at resonance is given by

(Afr)w = (3/'•/47r) (g/v) (cos 0/ 1 cos (0 t: 0,

Thus the ratio is given by

(Afr) w/ (fr)s a cos d/icos W0_ 0c)"

where a = 3 '4/-2 / 0.9306, 0 is the angle between the direction of the transmitter, as seen from the ship.

int. the direction of the ship's motion, and v is the ship velocity while g is the acceleration of gravity.

T'he angle 0C is the inclination of the cusp lines of the wake to the direction of travel, and has a value

0c = 191; 28'.

S3

SECRET



SECRET

t (S) ~lquation I is plotted in Figure I, and shows that except when, 0 is in the region o)l 20 to 40'

thtre is a signiicant differen•e in the two D)oppler shirts Tihis dif'terence should enable a wake ck1ho

to be separated fronm the sea clutter in a properly designed 1olnostatic systemi.

Ill SCaflERINn(; CROSS SECTION (Ue

(S l)r. Kurs has also developed 'ormulae giving the scattering cross section ol the wake. An approxi-

mate version, which assumes that the width or the cusp line is r/1 /'V2kw, is

o = const (K/k) 2 N4/1 1f 0)T

where the const = 24. I, and

K/k - 1.845 n 1 n

where ý'n is the elevation of the nth crest along the cusp line. N is the number of crests along the illumi-

nated portion of the cusp line. The factor r(O) contains the angular dependence and is given by

r (0) = sin (0 t 0 )ICos (0 ±O.

where 0. 0. and 0t are shown in Figure 1. The variation of f(0) with 0 is shown in Figure 2. It is evident

that the cross section is Lero when 0 = 0. but otherwise shows no rapid dependence on 0.

(S) At a ship velocity of 20 knots, the frequency (fr) of resonance with cuspidal components of the
wake, along the direction of the ship's velocity, is - 2.0MHz, the wake wavelength (X,) is -75m. If the

wake amplitude is 0.75m ( 1/100 of the wavelength) one wavelength behind the ship, K/k = 1.37. If the
illuminated length of the wake is 10km, N = 10,000/75 = 133 and N4/1 =700. From Figure 1. t(0)=0.74.

Thus the scattering cross section for one component of the wake is - 23,500m 2 , at resonance.

(S) Yim and Tulin indicate that the surface wake of a submarine 30 ft. in diameter, 327 ft. long, at a

depth of 82 ft., and having a velocity of 20 knots will have an amplitude of 0.27 meters at 5 wavelengths

behind the submarine. Thus,

K/k = 1.845 (5) " x .27 = 1.1.

The otlwr parameters being the same, the cross section of one arm of the wake is-9 1OOm at resonance.
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IV NOTES ON DETECTION OF SUBMARINE AND SHIP WAKES (U)

(S) Current calculations indicate that the radar cross-section of a wake can be very large ( M 10 i 2 )

at resonance.

63) The frequency of the radar depends quite critically ( < !%) on the ship's velocity and heading.

rhus the radar must step with very small changes, in frequency.

(S) The Doppler shift of the wake differs significantly from the Doppler shift cf the sea, over quite a

wide range of azimuth angles. tHowever, the differences are such that Doppler resolution of 1/100 Hz or

so are required. This implies observation tunes of a few minutes. The use of a bistatic radar is also

contra-indicated.

(•) Submarines produce surface wakes of significant amplitude if they are shallow enough and fast

etiough. Current calculations suggest that the wakes might be detected for depths of up to 200 ft and for

speeds greater than 20 kts (lower speeds require smaller depths).

(S) At such speeds radar frequencies as low as 1 MHz are required. At these frequencies the obtain-

able radar range is quite large compared with those obtainable at higher frequencies because of the small

ground wave attenuation.

(S) Provided the wake Doppler can be separated from the clutter Doppler, a radar for detecting wakes

will be noise limited. Thus the minimum wake amplitude which is observable will depend only on

ambient noise levels and transmitter power.

(S) I visualize that a radar for detection of wakes would consist of a pulsed monostatic system with

3600 illumination. Pulse rates should be as high as possible consistent with avoidance of skywave clutter.

Each pulse will be transmitted at a different (by < 1%) frequency from the previous one. The complete

frequency scan will be completed within half the period of the Doppler shifts expected. Successive

signals at the same frequency will be added coherently.

(S) After signals from one or both "arms" of the wake are detected their bearing can be determined

by various methods. It is presumed that the received signals will be processed as indicated above in

several range gates.
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FLEET AIR DEFENSE REQUIREMENTS 1U)

Paul T. Stine

Radar Division, Naval Research Laboratory
Washington. D.C. 20390

I INTRODUCTION IU)

IS) Our Navy's problem in terms of fleet air defense (FAD) requirements is posed by the fact that

fleet units must operate in a hostile environment under constant surveillance by trawlers, submarines,
".neutral" shipping vessels, aircraft, certain types of land-based sensors, and possibly satellites, each

making use of sensing techniques available as a result of a rapidly advancing technology. In order to

operate effectively, our fleet units need improved surveillance data providing detection, identification,

and location or track of a threat while sufficient time remains for defensive reaction. This surveillance

capability needs to be available under all weather conditions, effective under EMCON operating

conditions. highly reliable, and capable of providing data of sufficient accuracy and timeliness as to be

useful to shipboard defensive systems. In addition, the surveillance system must not obviate an

appropriate offensive/defensive balance within fleet units.

II DOCUMENTED REQUIREMENTS iU)

ES) Officially, the Navy's requirements for fleet air defense arc covered by General Operational

Requirement IGOR) 17 titled "Surface Anti-Air Warfare" w',,ich essentially says that all ships must be

able to defend themselves against short-range missiles, and large tactical units must be able to counter

threats from all sources including space vehicles.,. Advanced Development Objective (ADO) 1 7-23X,

"Shipboard Surface Wave Radar" deals more spcifically with the probable threat an nPossible require-

ments for shipboard surface-wave radar as a means i' over-the-horinon (OTH) detection of the threat.

III NATURE OF THE THREAT EU)

IS) rhe threat as defined by AI)O 17-23X. summarized in Figures I and 2. is a low-fly ing

140 ft altitude) target capable of at least I O0-nmi rnge and having a radar cross soction I RC S of one
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(S)

square nieter in the high frequency (lFI band. I'his R(CS seems to be reasonable as substantiated by

model nivasureminits shown in [igure 3. Along with low-flying attack aircraft and such air-launched

InSIsslle, ,s the SS-4C(. (SAMIL!'. the patrol boat-launched SS-N-2 (SIYX) missile and lhe frigate or

,btlnartil-lanchel ,%SS-N-3 (SIIADI)I('K) missile are commonly accepted as, being representative of

hodai , threats. Fh¢ actual range capabilities of the SS-N- 2. SS-( -2. and SS-N-3 are 22. 45. and

250 umi respecti)tcl). It is reasonable to expect that the threats of the near fulture will be capable oi

11. mi farther, lower, and faster than the above mentioned missiles.

IV THE REAL NEED I)

IS)i In summary. Ile Navy's real need seems to be a surveillance system having the following basic

hitaracteristics and perlormance:

"* Aii-weather operating capability.

"* Fffec tiveness under IMCON conditions.

" Large-area coverage (approximately a 300-nmi radius from fleet unit).

"" Mobility to cover operating area of interest.

"* Compatibility with ships defensive and offensive weapons systems.

"* High reliability.

0 Ability to detect. identify, and track small (RCS z I M2 )
low flying (lI Z I Oft) targets.

"* Azimuthal accuracy of *. 5"or better (as seen from the fleet unit).

"* Range accuracy of - 5 nmi or better (as seen from the fleet unit).

"* Velocity accuracy of ' 5 knots or better (relative to fleet unit).
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V POSSIBLE OTH SOLUTIONS (U

iS) A list ot" possible solutions to the Navy', large-area surveillance problem imcludes AIW radar,

lichicopter-borne radar, passive I ('N, satellite surveillance, skywave radar, surtacc-wavc radar. and

mtcrov,%ae radar propagating in the e•aplorative duct. Needless to say. each has its advantages and

limitations. Both Al.VW radar and helicopter radar methods of looking over the hori/on sufter from

%ke~tiler and logistics problems. Passive I[('M is useless against a non-radiating threat. Satellite sur-

V,1lIla.1,'C Ic•es Severe logistics. WCather. and accuracy problems. Skywave radar has range and aimuthal

,i(trac~ Iimitationis along with problcn1, ot' propagation path availability as illustrated in l:igurc 4.

\1onhostic surtace-wave radars, due to high s•irface-wase attenuation, would require powerful trans-

miittcrs and large antennas as illustrated in Figures 5 through 7. would be limited by practiLal consider-

AtiOns to detection ranges of about 50 to I 00 nmi and would not be usable utnder EWKON conditiens.
Microwasc radar propagation in the cvaporatise duct would also violate l'N('()N conditions and is

proablh limited to ranges of' 50 to 100 nmii. In addition, much remains to be learned about the time.

,pace. and thickness variabilities of evaporative ducts.

is) One other possible solution is a hybrid system in which one or more optimally designed mobil

skN wae radar% each operate nionostatically to provide large-area surveillance I z 500.nmi radars)

around a fleet unit. the surveillance data being transmitted to the fleet unit by regular communication

links. Inasmuch as the skywave radars are illuminating the area of interest, fleet units can be equipped

t) make bistatic detection and location of threats coming within a range of about 50 to 100 nmi as

shown in Figures 8 and 1). In this approach, the range accuracy of the bistatic data is quitc dependent

upon strategic positioning of the skywave illuminators relative to the fleet unit as shown in Figure 10.

Although the bistatic range accuracy of such a system leaves something to be desired, it would appear

to have ill ot the desired characteristics listed under Section IV with a high probability of solving the

total problem.

VI CONCLUSIONS IU)

(Sl It is concluded that :lie hybrid skyw.•v /isurface-wave system suggested above and summariicd

in Figure I I offers a practical solution to the Navy's problem of OTH surm'eillance, and it is recommended

that ,,t)p, be taken toward implementation of such a system.
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CONFIDENTIAL

FLEET AIR DEFENSE REQUIREMENTS
FOR EARLY WARNING IU)

Richard J, Hunt

The Johns Hopkins University
Applied Physics Laboratory

8621 Georgia Avenue
Silver Spring. Maryland 20910

I INTRODUCTION (U)

(W) This paper discusses gross requirements for detection and alerting of a Naval Task Force against

the primary anti-ship ('ruisC missile threat. A system which adequately meets this threat will almost

certainly satisfy requirements of lesser threats. An example of a coordinated missile attack which might

be expected against a Task Force in the open ocean is discussed to highlight the salient features of the
various types of weapons available to the enemy. To provide adequate AAW defense against such an

attack, the AAW force commander requires warning of an impending attack with enough time so that

he may use his defensive AAW weapons in the best way. The actions that need to be taken to prepare

the dcfense, together with factors affecting decisions, are outlined. Gross requirements for threat

recognition. time and bearing are given. Because of the need to communicate early warning information,

a functional description of an intership communication system based on NTI)S is provided (Figure I).

(U) The ensuing discussion follows ea,:h of the charts in the presentation.

i1 COORDINATED MISSILE ATTACK (FIGURE 2) (U)

(IC) The Soviet Navy has been growing c:onsiderably during the last 10 years with the introduction

of many new types of ships, missiles and aircraft. The anti-ship missile threat has now reached a level

of quality, diversity, force size and geographical deplo, nent that establishes it as a major constraint on

U S fleet operations. The threat, although developing i1 detail, is established in general pattern and

cannot be expected to change radically any more than the U S could easily diverge from the attack

Carrier Task Force concept.

1U) A well coordinated missile attack in open seas might be expected as shown in Figure 2.
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(C) [his group is capable of launching 45 to 55 missiies at the USN force within a petiod of about

5 to 10 mirutes. About 40 to 45 missiles will be successfully flying objects and will enter the air space

about the USN force. Approximately ?5-35 should be operable seeking missiles. It should be noted that

40 to 45 missiles are engageable t.argets since the defenses cannot know which seekers are operable. The

dcfentses are thus faced with about 5 to I I targets per ininut- if the attack is well coordinated. These

target%, may be approaching thle defense over about as large as 120' angular sector.

I(') It should be noted that roughly half the missiles came from submarines. nivaning the surfaced

launch platforms are e.isentially undetectable until 2 to 3 min.tls before )aun:h.

I(() Fhe enemy can be expected to support such an attack with high levels of stand-off barrage

Jamming. In addition, air traffic density will be high and can be expected as a normal part of the en-

vironinctt. Traffic density will be vaijable depending primarily on distance to shore. l'ypically. on the

order of' 50-100 friendly air tracks can be expected for operations close in to shore and 20-50 friendly

tracks for open ocean situation-s.

III FUNCTION OF EARLY WARNING (FIGURE 3) (U)

C(') [he primary purpose of early warning is to provide timely information to the AAW force

commander so as to ensure that the actions necessary for preparing weapon systems to best cope with an

attack have been taken. The actions that are taken will depend on the information available to the com-

mander and the level of confidence he has in the validity of the information.

(C) The most critical factor in a good defensive posture is bringing system manning levels to GQ.

Commanders are reluctant to take tl.;s action unless timely and positive threat recognition can be pro-

vided. Recent fleet exercises have demonstrated that detection of targets with modified condition 3

watches is the single most limiting factor in defensive capability against simulated high density raids.

(C) To bypass the many normal sequential steps in the processing of targets, SAM and [W systems

arc being built today (some elementary systems have already been installed) with so-called

"Threat Responsive Modes' of operation. Basically. this system concept depends on adequate recognition

or identification of the threat. Some thoughts on providing positive threat recognition are shown on the

next chart. If the fleet has chosen to use EMCON as a deceptive measure and positive threat recognition

can be obtained, doctrine should be established to remove radiation silence.

(('I) Some of the actions which will enhance dotection and target processing are to employ limited

azimitth search by the operators of radar consoles, to use fire control radars in automatic sector search and

to bring the force PIM to a direction which will unmask radars and launchers. These actions depend on an

adequate knowledge of attack hearing.
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C(') I'hc ut of interceptors. 'otth CAP and I)LI. depends ott suiffcient time to hring these systems to

bear against a known attack bearting. Interceptors can plia) a primary role in destroying launch vehiclks

prior to n,,sikc launch. dc',tro) Ing jamtning aircraft and assiting in the identification pro.ess. ! omely

knowkldget of in ;tta;1k •he'rtt L.'in help the Iforce cotmtmantder in rleplloytinent of suirtace elements in

;1 %;j. tO K."t de'fentd the 11hi ;1h al-e target. Rede.ploytnittnI may be palrtit•cularly aplpropriate it ship,, hal,.

heeii diposed in missile tr;il% or -r" on ASWk nussion, and the threat infornation c:learly csltablishes thtat

the at ti, k i, sectored to the high-valtc target.

IV THREAT RE(OGNITION IFigure 4) IU)

(C) Sinic the key element in taking action% for a good dcfcunsiv, po,,tur: depends on positive threat

rv,•conttito,. it is use'ful to exa1mine chjract.'istics of tIhI threat approlpriatc to the system kinder consider-

ition ,hich may be germane to identification. Ithet most striking charactcristic,, of the missile threat,

indcpendent of radiation signatures. are the l)oppler separation front the launch vehicle and the kinematic

prolhle of the target. The airlaunchl'd missiles current today are discernible by a l)oppler of about 50 knot%

which probably will not be sm;aller thitn this in the future. Subs will surface prior to launch for a few

minutes and are subject to detection before missile% are fired so that the l)oppler from surfaced vessels is

a thrcat indication. Obtaining v.locits vector to within 10" will give the tor.e commander an indication

of the ,uccess or failure of nissile traps and dictate the need for ship redcployment.

V GROSS REQUIREMENTS TO ALERT FORCE TO IMMINENT ATTACK (Figure 5) IU)

I(C) Ilit•n and bearing requirements for the several defensive systems arc shown on this chart. Tim,:

require•i.ents tranl-ate into range based oni current missikh spceds of about M1 .0 and possibly %M2.0 it, the

future. Ih;: limiting factor in time is the delay associated with bringing ships to GQ. Ten minutes implies

a rangie from the task force of the order of 100-200 nii which corresponds roughly to possible missile

lau1nch range and is therefore compatible with the requirements for positive threat recognition. Time

requirements for poor ship dispoition, however. are not satistactory for the force commander to alter

deceptive deployment tactics.

IC) H;earing requirements for search radars arc bawed on limited expericnce in flect exerci-res which

show that operators do not detect targets from simultaneous b•earings separated more than 4)0'. Fire

control rad.ar bhearing accuracics should be within the automatic sector searc.h patterns of these radars

whtich var. from 15" to 20".
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(C) For interceptors, a CAP station at about 100 nmi requires sufficient time to achieve intercept of
the launch craft prior to missile launch. Greater detection ranges will permit the interceptors to act in the

role of threat identification and could well piovide the information in time for force redeployment fer

effective surface action, Bearing accuracieF for interceptors should be within the Al radar scan.

VI POSSIBLE COMMUNICATION CONTROL (Figure 6) (U)

(C) With r.-gard to intership communication of detection information, the critical question is: Is the

tore using .CON? If there is high confidence in threat identification, then independent of [M(ON

status, doctrine should be to use the normal communication channels. If routine detections occur in the

system without positive threat indications, then if the force is not in i'MCON, normal communications

should be used. On the other hand, if the force is in EMNCON, intership communications should not be

used but the control ship should have the computer capacity in algorithms essential for computation of

inferences on threat hostility.

VII INFORMATION FLOW TO PROVIDE INPUTS TO THE ID PkOCESS (U)

(C) Systems of the future will use more sophisticated computer computational schemes to correlate

observations and intelligence and planning information. A number of actions must be integrated to im-

prove the ID process. Each combat unit which must engage contacts or assist in identification must per-

form tile subprocesses of identification as shown in Figure 7.

(C) The initial ingredients in the process are the plans, codes and information available concerning

friendly forces. These provide part of the inputs to the correlation process of the 11) function. The

obsenations made on contacts provide the other inputs. Out of this then comes the degree of correlation

between the data on hand and the observations which is then applied to an inductive or inference-making

device to derive an estimate of the degree of hostility of the contact.

(C) This identification process must supply the degree of hostility information to the threat evaluation

function to ensure that there is an efficient prc,:essing of targets, i.e., that weapons can be assigned to

hostile targets in a timely manner. Identification should also carry through to the weapon commitment

stage so as to provide a final estimate of contact hostility when a weapon is committed.
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FAD HISTORY (U)

J. M. Headrick

Naval Research Laboratory
Washington, D. C.

(S) The missile threat to ships was the inspiration for considering bistatic HF radar. The method

was to use remote sky-wave illumination of low-altitudes targets near a ship and to detect the target-

sAattered energy by a ground-wave path to a ship-mounted receiving radar station. Some sample
calculations were made ii 1967 that suggested feasibility. Figure I gives expected monostatic sky-wave
radar performance for a set of assumed radar and target parameters. The ionospheric model was per
ITSA- I. Figure 2 gives expected monostatic ground-wave radar perfonnance for three operating fre-

quencies spread over a greater frequency range than the set required in Figure 1. In Figure 3 bistatic

performance is given for the required frequency extremes. These computations indicate the bistatic
method has possibilities; the analysis i. treated in more detail in an appendix of i'.e MSDS Group Secret

Report "Missile-Threat Ship Defense Study" (U) of 8 May 1968.

(S) A series of experimental tests have been made using ESSA transmissions for illumination and the
MADRE facility on Chesapeake Bay for reception. Figure 4 is an early example that shows resonant wave

echoes received by ground wave. Figure 5 is a later example with higher power. In addition, some tests
have been conducted using the ESSA-received signal as a reference.

(U) The ARPA FAD experiments were planned to complety demonstrate the basic feasibility of low-
altitude bistatic detection and to expose both the capabilities and required system design features.

(S) It is felt that the ARPA FAD tws- have demonstrated the basic bistatic feasibility of detection of

the low flyer. Giving a "quiet" fleet unit such a detection capability may have several applications. How-

ecvr. the skywave illuminator should also be used as a monostatic radar, and it can complement the
bistatic system. give greater range detection and fill blind azimuths. In some cases it may te desirable to

have the fleet unit operate ground-wave monostatic af*cr the first mi, ile detections.
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NRL DATA ANALYSIS (U)

J. M. Hudnall

Naval Research Laboratory
Washington. I). C.

i U) L was planned that NRL I) illuminate for part of the Fleet Air Defense (FAD) tests, 2) develop

computer programs for signal analysis using I and Q plus monopulse channels including methods of dis-

play. and 3) after-the-fact examine and analyze the data using both the MADRE signal pr, cessor and a

computer plus the developed programs. The contribution would be a capability for fine-frequency and

long-storage-time analysis plus a variety of displays.

(U) To accomplish task (3) NRL required that the data be recorded on 7-track tape in an IBM-

compatible format. Due to a long series of events, not one reel of tape meeting the requirements exists.

Thus only Tasks I and 2 have been done plus considerable unexpected work in trying to achieve Tas-k 3.

Since the FAD source of a clutter versus frequency description was to be NRL's,somefragmnts of data

will be shown here that do give pertinent examples.

(U) Figures I through b are the examples. In general the signal exhibited two or three amaplitude

peaks as a function of frequency. It is hoped that weather and sea-state conditions can be compared with

the energy distribution.

(U) In Figure 1, doppler (Hz) time delay (pseudo rangO) is shown at ,052:50-Z, un 10 February i970.

The analysis bandwidth is 2/14 Hz.

Is) In Figure 2, a doppler time history is given for an 0.25-ms range gate starting on the time delay of

the -second earliest strobe of Figure I. A short aircraft track is evident. The bandwidth. is 4/14 Hz.

(U) Figure )A was made with an O.25-ms rvng' gate starting at t1:,, et''rlrst sttzbe of Figure I. Figure
3B was started on the second strobe.

1U) Figure 4A and B show amplitude versus Doppler displays made for the last two strobes of
i-iguw I. The resolution bandwidth is 1/2Pth.

1U) Figure 5A and B show displays similar to those o' Figure 3. but made for operation on 16. lb MHz.

iU) Figure t, shows computer-generated spectra for 27 February 1970.
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FAD EXPERIMENT OF FEBRUARY, 1970 (UI

Thomas D. Scott

ITT Electro-Physics Laboratories, Inc.
3355 52nd Avenue

Hyattsville. Maryland 20781

1 INTRODUCTION (U)

iS) The Fleet Air Defense Experiment which was conducted in January and February of 1970 used
a skywave HF radar signal from the ARPA-ONR CHAPEL BELL facility at WHITEHOUSE, Virginia, to
illuminate the area around a receiving field site at Cape Kennedy, Florida. The receiving site recorded
both the incident skywave field strength from WHITEHOUSE and bistatic radar reflections from a Navy

P3B aircraft, flying on prescribed flight paths between 20 and 120 km offshore from Cape Kennedy. A
large portion of these paths were over the radar horizon from the receiving site because the airplane was

at a very low altitude.

11 EQUIPMENT (UI

iS) The skywave illumination was provided by a 500 kW (Peak) power transmitter with an antenna
with approximately 9 dB gain at the angles and frequencies t•sed. The bistatic echoes were received on a

17 dB gain antenna at Cape Kennedy. The transmission format was a binary phase coded 1.55-ms pulse

which was compressed to a lngth of 50 gs. Pulse doppler and monopulse processing at the receiving
site provided range, doppler frequency Ivelocity), and azimuth tracking of the target. Modulated
antennas, installed on two bhoys, which were anchored 25 and 50 km offshore served as control targets

annd provided frequency, range, and azimuth calibrations. Communications via HF radio were maintained

at all times K.twecn the transmitter, receiver, and the aircraft.

III RESULTS (U)

is) Successful detection of the target aircraft was made out to a range of 100 km from the receiving

ite even with the non-optimued system used for this experiment.
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(S) An exarnple of the tracking results is given in Figure I which shows a typical zig-zag flight path

in the upper left corner. In the upper right corner is an azimuth versus time plot calculated or the

basis of LORAN data collected on board the aircraft along with the atimuth versus time recoid made

at (ape Kennedy. This record illustrates the azimuthal tracking capability of the equipment. The

graph and data on the bottom of Figure I show the computed and observed doipler frequency history

of the aircraft echo as it executes its zig-zag path.

tS) In addition to the pragmatic results on aircraft detection and tracking, data were gathered to

permit the determination of path loss, noise, and bistatic target cross sections. The bistatic cross section

Of the P3B aircraft was found to be between 5 m2 and 100 m2 and was a function of angle. The noise

figures for a 20-kllz system were generally about 7 dB larger than those predicted by C('IR for a narrow

band system in the daytime and about 10 dB larger at night. The path losses on the skywave path

agreed quite well with predictions.

IV CONCLUSIONS (U)

(S) The main purpose of the experiment was to test the feasibility of a hybrid (skywave-surface wave)

system for passive detection of low flying aircraft at ranges beyond conventional ship radar coverage

limits. The experiment proved the feasibility of this fleet air defense concept and provided data on some

of the problems and limitations of such a system.
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FAD RADAR SYSTEM STUDY 'U)

Wesley N. Mollard

1! Elecir,,-Physics Laboratories. Inc.
3335 52nd Avenue

Hyattsville, Maryland 20781

I INTRODUCTION U)

iS) Ini a paper titled "FAD Fxperiment of February, 1970 (U)" presented at this workshop,

Thomas 1). Scott gave sonic results of the Fleet Air Defense (FAD) experiments which were carried out
in January and February of this year. Those results clearly demonstrated the feasibility of the hybrid

sky wa%c/surface wave radar concept.

iS) Following this demonstration of feasibility, ARPA has directed this contractor to undertake a

preliminary system study directed toward a potential tactical system employing such a hybrid-mode

radar for fleet air defense. It was clear at the outset that such a radar system would provide the fleet

with the critical function of maintaining an early warning survcillance capability while ;till prese.rig

complete electromagnetic-radiation silence. This joint capability would protect the flmet against a stir-

prisc attack, and at the same time deny an enemy the use of fleet-generated radiation for the purpos,%

of tlect location or weapons guidance.

iS) Flhi overall objectives of this study arc to inv,.stigatc the aplication of the hybrid-modc radar

to the problem of fleet air defense, and to determine the future .iations ncesx, ry to permit the

dc•,lopment of an operational system. ihe first step in reaching these objectives is to inter-relate thi-

n.ature of the Ipotcntial thre.ts withi the characteristics of the defemnsivc ,ystcms aailable to the fleet in
korder to auscrtain the performance critcria whi.h must be met by the hybrid-modc rad.r. From these

performance criteria, it is then possible to generate meaningful engineering %pocifc.atioins for such a

radar. I he aboive onalysis will thin help to identify thtse arras which still ret ": rcsc:rch. derelopment.

test. and evaluation I ROTE) efforts, indic:ating the areas which constitute the state-of-the-art. those

which requir- further study, and. cslWcially, the prinnipat areas of rIsk.

IS1 I his c:urent study draw% upon past study efforts to the gpratest extent i'ossal In pa tiular.
onuderabkc u,, ns beinr .- adc of certain of the results from a prevous I rT-EPI. stud) of a ('ONUS OHB

oi(Ner- rhc-lonzon Backs.atteuI system conducted for the USAI'. The ('ONUS study an ' eii!all) uicfta.a
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(S)Siiinsol'ar as certain threats and GlIB performance criteria are contern-d. Although the present st udy and
this past study differ with respect to the mode o~l radr op~eration a'.,• the overall problem. they n.+scr-

theless have importalit areas of commnonality, such as frequency regime. range of doppler frequency

offsets, target types, etc. In addition, mnaximum use will be made of other completed studies in

particular areas, such as threat models and defensive systems. By drawing on this extensive background

ot existing intoimation, it will be possible, even in a modest study eftort, to ensure coverage oi the

problem to a depth that establishes meaningful bounds on the important parameters entering into th,

problem.

(Si Iip ,.: ,c I shows a general outline of the FAD system study as it is being carried out by ITT -EPL.

The flow chart in Figure 2 illustrates more clearly the inter-relationships among the various parts of the

study etlort. The major elements making up the flow chart are summarized in the following paragraphs.

!1 KEY STUDY AREAS (U)

A. Threat Considerations (U)

(S) T De various threat m odels which are officially posttulated to be in enem y inventories in i ic

1970 - 1980 era are being investigated. The threat models include both specific weapon characteristics

and attack scenarios. The individual weapons extend from aircraft attacking with short-range weapons,

aircraft employing long-range, air-to-surface missiles, and surface-to-surface missiles launched by surface

vessels or submarines. The variety of scenarios will extend from small-scale sneak attacks through

large-scale engagements. These threat models are being integrated to establish threat-model, performance

envelopes which define such parameters as altitude-versus-range, range-versus-time-to-target, density of

attackers, etc.

B. Defensive System Considerations (U)

(S) The defensive systems available for fleet use in the 1970 - 1980 era include sensors and active

defense weapons. Among the sensors are shipboard radars for acquisition, tracking, and fire control, mid

airborne rad-rs and other possible sensors (such as LWIR). The active defensive weapons include

air-to-air missiles carried by carrier-launched aircraft, surface-to-air missiles, and anti-aircraft artillery.

The various capabilities of these respective elements of the defensive systems are being organized into

performance envelopes which indicate the accuracy and timeliness required from an early warning

system so that effective use can be made of the defensive systems. An additional aspect of the consid-

eration of the defensive systems is the important feature of the "hand-off"' from the early warning

system to the shipboard terminal defense system. This and other specific interaction between the FAD

sytenm and the other fleet defensive systems lead to a set of "interface requirements" which must be

met to ensure effective cooperation among the various defensive systems.
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C. FAI) Radar Performance Criteria 1U 1

Is) I ltc performance cnivelope• of the threat riodels and the dclensic "•so ,tl is udai the interl.i k'

i['ilirIenie, will then be used to establish definitive performance Criteria tor the V AD s) ston s, Ihi-it

it c.in pla% an elfective role in fleet defense.

I). Fleet Mission (U)

I (Clearly. the use of a naval fleet is not limited to a single, easill c'itegorniv'd. Iype of operatili

It is therefore nIecssar) to Consider a %arie.t of" fleet operational Concepts in order to dctermin, the

po,,iblc manners in which the FAD concept can b' applied in the various circuinst. •l es. Aiong' thc

aspects requiring consideration if the question of whether the FAD system should be simply addcd I,

ships rcuLirly in service, or whether it should be deployed on special-puirpose dedicated o ssels. or soi,

altern•.ti~c between these e\tren.ns. Another important consideration is 1he ev tent to which the I \I)

s,,,,tcm milight be emlployed In a special-purpose Communication system simultancou•sly with its radai i.'

E. FAD Radar Function IU)

iS) The nature of the sky wave illumination in the present FAD concept is such that it is clear tha•

the illuminator can also act as a monostatic radar. The addition of this function could provide

earl\-warning information at gicater ranges than could be hoped for in the bistatic configuration.

without, howxvcr, offering tile s•lf-contained capabilities provided by the bistatic radar It is inmport,•it

in the study to define the optimum roles for each of the two possible modes of operation.

F. FAD Radar Engineering Parameter Values (U)

IS) The net output of the FAD performance criteria and the fleet mission reqlLirements %ill th.t hc

a definitive presentation of the necessary engineering specifications of a FAD system which can pros\ hdt

elfcctive early w arning to the fleet in event of atmack threats originating h•. ond the rangc of otther S111:,

scnsors, a range which may be set physically becausc of the radar hori/on, or opcrationall. bý coundirt, n,

of' electromagnetic control.

Ill CONCLUSIONS AND RECOMENDATIONS IU

(S) rhe output of the stady will be a report in which the FAD engineering splc%.'ifications arc detmncd.

and in which recommendations are made for action in areas requiring additional RI)TF
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SHIP DETECTIONS (U)

J. L. Ahearn

Naval Research Laboratory
Washington. D. C.

iS) the first positive HF radar ship detection by NRL was made on 29 Junc 1968. The detection

was by skywave at 15.595 MHz. 22.5 prf. 072 T -7' with an approximate cos,2shaped pulse about

700 ,s long. Figure I is a set of pictures illustrating these observations. The ship can be seen at -0.8 H7.
It was later identified as the Grotedyk, length 534 ft, beam 67 ft and with a KKMMFM superstructure.

the ship was observed for 5 hours from 10 AM to 3 PM local time. The maximums of received signal

gave a radar area of about 1500 m2 .

(S) A second example of ship detection is given in Figure 2. Operating parameters were 15.595 MHz.
22.5 prf, 084 T !: 7'. This target was the Forrestal, length 1034 ft, beam 250 ft. Maximums in signal
strength yielded a radar area of about 13.000 m2 . The target is at - 1.5 Hz and the clutter amplitude
(given in relative dB) versus frequency characteristic is an example of how well behaved it can be. Note
that a 10:1 reduction in pulse width would make the ship detectable at any speed except that of the

resonant waves.

1U) Figure 3 is a ground-wave amplitude versus frequency plot made at 30-nmi range, and this is
snown to exhibit frequency resolving capability without ionospheric effects. In this example a

50-second time sample was used.

(U1 Another example of doppler reso~ving capability is given in Figure 4. This gives doppler versus

range for a 50-ps pulse length and only 10 seconds dwell time.

iS) It is felt that by adapting to (or taking out) undesired ionospheric effects there are genuine
pos•bilitics for ship traffic plotting by HF radar.
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(S) Figure 4. Ground Wave Doppler Resolving Capability (S)
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HIGH RESOLUTION SEA BACKSCATrER (U)

J. R. Barnum

Radioscience Laboratory
Stanford, California 94305

I INTRODUCTION (U)

tS) Stanford University's part in Project MAY BELL has been to study the feasibility of detecting

ships OTH by means of sweep-frequency-CW eadar while receiving on a very wide aperture antenna

array. It has become necessary to know the HF radar cross-sect. is of typical ships at sea, and

to measure the properties of sea clutter using sky-wave propagation. A partially-controlled experiment

wa% also run, in which the detection of a 500-foot cargo ship was attempted. The purpose here is to

summarize these topics, and to specify what further work is necessary.

II SHIP CROSS SECTIONS AT HF IS)

IS) Under a subcontract from Stanford, Technology for Communications International (TCI).

measured the backscatter from ship models at the Naval Electronics Labs (NEL).

(S) A total of 99 radar cross-section (a) patterns for a DE-1030 destroyer and a Forrestal Carrier

were obtained at frequencies between 3 and 22 MHz, for ele,,ation angles between 3.5 and 20 degrees.

Bistatic and surface wave mcasurements were also performd at 3 and 7 MHz. The data were obtained

using 1/48-scale models at 48 times the HF value. The correspondence to the realistic (full-size) cases

it IIF %hould be close.

iS) For vertical polarization. the cross-sections are 1& to 105 m 2 for the destroyer. and 104 to

IOb m2 for the carrer. tiorizontally-polariz.d cross sections are down 3 to 19 dB for the destroyer

I depending on ship orientation), and 0 dB for the cartier. at a 20-degree elevation angle. The
"'surfý,cc wave" cross-sections are of the same magnitude as the abose. and when the radar becomes

hibtatic, the scatter is only 0 to 5 dB lower in amplitude.
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fill rhn number of nulls in all the patterns increase with frequency, but at a faster rate for the

ship,. Bitatic patterns contain fewer nulls.

4'3) Hie accuracy in measurement of max a, is usually : 3 dH For 20 to 30 percent of the

patterns, a slight to moderate error in pattern null structure occurs; however, enough data was taken

so that further measurements of this type are unnecessary.

Ill SKY -WAVE PROPAGATED SEA CLUTTER 1U)

(U) The radar cross-section of a sea patch was measured in the Gulf of Mexico using a portable

repeater operated on board a cargo ship. Using high azimuthal resolution (I/rdegree beamwidth) and

smiall equivalent pulses 14-10 u s) the sea cross-section was reduced to 104 m2. The sea's cross-section

per unit area was then calculated to lie between 10"3 and 10"".

U L) Iit\ed frequency experiments have been performed to ascertain the effect of controlled trans-

mitter polarization on backscatter amplitude as a function of range in the Pacific Ocean. The results

show that it is possible to reduce the clutter by about at least 10 dB by switching the transmitter

between vertically and horizontally polarized antennas, while receiving on the 2.5-km Los Banos

array. rhe effect is not observed when using a 4-degree beamwidth antenna, which was explained
using swept azimuth data and computer-raytracing backscatter synthesis to show that polarization

rotation is very sensitive to azimuth changes.

iS) It is now concluded that such a control over sea clutter magnitude should aid in ship detection.

The sea reflects the characteristic (ordinary and extraordinary) waves to the receiver such that time

dela) of all received modes are constrained to be equal. By contrast, a ship represents a discrete target

and reflects these modes while keeping the ground range constant. Because of this difference, one
could simultaneously null out the sea clutter whilc maximizing the ship's return. It is therefore clear

that some control over the radar's polarization will help detect ships at sea. i.e., when the sounder's

antenna is large enough, and when the iono-phere permits the polarization phenomena to occur.

IV OTH SHIP DETECTION (S)

iS) On the basis of the results described in Parts I and II (above), it is probable that a ship cnuld

be detected on a total power basis using the ARPA-ONR Vide-Aperturc Research Facility IWARF).

rhis follows from the measurement of a 104 m2 total sea cross section, which is less than t, 's for
brtoditde %hips. 'The control of the sounder's polarization may facilitate this detection.
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(S I)etetion-onented experiments have shown that oil platforms (or groups of them ) were

ween in the Gulf of Mexico. When a 10 in2 -cross-section repeater was operated on a 500-foot

%argo ship between New Orleans and Houston, the repeater's ec'ho was visible 90 percent of the

tlme. lchoes front the ship's position (other than the delayed repeater echo) were also seen

occasionally, but these nay have been from platforms.

iS) The experimental results demonstrate that Y-to ½-degree azinmthal, and 4-to 10- P s time

delay re•soutions are obtainable using the WARF system, as predicted. Targets with cross-section

comparable to those for broadside ships have been detected on a total power basis using the system.

It hai not yet been proved, however. :hat a ship was detected.

V FUTURE WRK (U)

IS) o* Measure more sea clutter magnitudes and polarization dependence at HF

o Study ways to use polarization control in OTH ship detection

o Run several well-ontrolled ship detection experiments

o Investigate use of repeaters at permanently-stationed reference targets
at sea

0 Develop Dopplerfiltering for sea backscatter data processing on the
SFCW wavefo-in
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BUOY TACTICAL EARLY WARNING (S)
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BTEW CONCEPTS (U)

Allen M. Peterson

Stanford Research Institute
Menlo Park, California

(S) Surface-wave beyond-the-horizon radar dates back to work undertaken before 1950 in the

United Kingdom.1 Shortly thereafter a program was started by Raytheon2 and continued by

MIT Lincoln 3 Laboratory until 1957. The final rep.,it by Lincoln Laboratory clearly demonstrated the

feasibility of beyond-the-horizon detection even in the 1950-1960 time frame.

(S) A renewed interest in Surface-wave radars was initiated in the 1968 IDA JASON Summer Study 4

during a review of OHD radar techniques. This study occurred in La Jolla, California and the possibility

of using anchored, buoy-mounted transmitters of relatively low power levels ( : 100 watts) arose in

discussions with personnel from Scripps Institution of Oceanography. Low power appeared possible

since buoys could be distributed along a "fence-line" or in an array so that the distance from the trans-

mitter to the target (aircraft or missile) could be kept small and the large surface wave losses could be

limited to the path from target to a land-based receiving installation.

(S) Following the 1968 JASON Study ARPA initiated a research program to investigate the

possibilities of the surface wave systems including the buoy-based transmitters. A number of "catamaran"

huoys were procured from Scripps and instrumented by APL. Detection experiments were implemented

by Raytheon for the BTEW technique.

(S) In addition, surface wave propagation measurements were implemented to study the relationship

of losses to "sea state" conditions. This appeared essential based on theoretical studies carried out by

Barrick 5 who found that, under rough sea conditions, 10 dB or more signal losses would occur in the

desireable frequency range near 10 MHz. Losses of this amount, which appear to have been confirmed.

certainly make the system application more difficult.

(S) Sea clutter caused by resonant or "Bragg" scattering from sea waves was also raised as a source

of concern in system applications. Studies now appear to show that the Bragg-scattered signals are

sufficiently confined in frequency extent that they will not seriously limit system performance for

aircraft or missile detection because of the larger Doppler shifts associated with these targets.
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(S) One potentially desireable feature of surface wave techniques is their immunity to nuclear

propagation blackout. In fact, sufficiently widespread nuclear blackout could cause a reduction in back-

ground noise level and ionospherically propagated interfercnce.

(S) It appears probable that enough has been learned during the BTEW experimental program to

permit meaningful system studies in the near future. Certainly it should be possible to define required

future experiments based on the research which is being reviewed today.
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BTEW-I FEASIBILITY TESTS (U)

Bruce B. Whitehead

Raytheon Company
Equipment Division

OHD Advanced Development Department
Spencer Laboratory

Burlington. Massachusetts

I INTRODUCTION (U)

(S) The BTEW-I Feasibility tests were carried out during the period January-March 1970 in the
vicinity of the Raytheon transmitter site on Carter Cay in the Bahamas. A total of eight flight tests were

made; one was chosen for detailed analysis. This paper describes that analysis and draws conclusions that
may be used in a system design using the BTEW- I concept.

II NOMINAL SYSTEM AND TEST PARAMETERS (U)

(C) For the selected test the system parameters are summarized in Figure 1. The aircraft flight plan is

shown in Figure 2. The aircraft made suc,;essive passes from CC to G3 and returned at altitudes ranging
from 250 feet to 14,000 feet. All passes were made at speeds of approximately 250 knots.

Ill OBSERVED AND PREDICTED DOPPLER JU)

(S) Figure 3 shows the observed and predicted Doppler for the CC-G3 flight at 6000 feet. This and all
the Doppler predictions were based on the measured true ground speed of the aircraft. All computed
Dopplers are for a ground wave propagation path from the transmitter to the target. Two possible
propagation paths have been taken into account for the target to receiver path. These two return paths
result in two predicted dopplers. In Figure 3 only the ground wave prediction is shown and it can be seen
that the observed Doppler clearly corresponds to this mode. In Figure 4, a composite predicted Doppler is
illustrated. The Doppler track with the larget frequency excursion is the ground wave mode whereas the

153
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NOMINAL SYSTEM AND TEST PARAMETERS

RECEIVER SITE - - CAPE KENNEDY

TRANSMITTER SITE - - CARTER CAY

AIRCRAFT - - NAVY P3V (LOCKHEED PROP-JET ELECTRA)

ANTENNAS - - RX ANT 16 ELEMENT BSA
TX ANT X/4 MONOPOLE

GTGr = 16db

ALTITUDES 250' - 14,000'

LINE OF SIGHT -- 17,000'

FREQUENCY -- 10.167 MHZ

"TRANSMITTED POWER - - 2.25 KW

(S) Figure I. Nominal System and Test Paamters (U)
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inner Doppler track has been calculated using a single hop F layer (30O-km) return mode. It can be seen

vw the largest observed Doppler track is clearly due to the ground wave mode. However, a small track

corresponding exactly to the sky wave return is also clearly visible.

(S) Figure 5 illustrates the simultaneous detection of a controlled aircraft on 10 MHz and 15 MHz.

l-his dctection was made when there were few other aircraft in the area and hence the absence of other

doppler tracks. With the addition of a ranging capability similar results could be achieved for the previous

illustration.

(C) O0 further interest is the presence of sky wave on the 10 MHz track whereas 15 MHz shov% no sky

wave detection at all.

(S) The observed presence of both modes reaffirms the fact that a purely ground wave mode of

detection is being realized.

IV OBSERVED AND PREDICTED TARGET SCATIERED RECEIVED POWER (U)

(C) Predicted target scattered received power was computed using the following parameters:

a. Path loss attenuation as given by Dr. D. Barrick for Sea State 0.

b. System parameters as shown in Figure 1.

c. A reference target, cross-section of 200 square meters.

(S) Figure 6 shos the predicted and observed received power for the pass from CC-G3 at 6000 feet
(the scale on the left has been referenced to the input of a calibrated receiver and hence does not reflect

the actual received power at the antenna). It can be observed that there is an approximate 10 dB dis-

crepancy between the predicted received power for a 200-mr2 target and the observed signal power for the

P3V aircraft.

(U) Since it is expected that the cross-section of an aircraft changes with its aspect, it is instructive to

eliminate this variable by plotting it against the observed difference in received power from a prediction

using a constant cross-section (e.g. 200-m2).

(U) This has been done in Figures 7 and 8. The abscissa shows the difference in the observed received

power btlow that which would be predicted for a 200-m2 target. The ordinate is the angle of illumination

in degrees below an azimuthal plane parallel to the surface of the earth.
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(S) These plot% .,an be looked at as correlograms. Assuming all other parameters to be constant, all

observed points at a --iven angle should yield the same received poer. As can be clearly steen, a least

squares fit of all observed points would yield a line about which the deviation would be only about

1-2 dB. This is well within experimental error.

IS) Figure 9 shows the least square plot for each of Figures 7 and 8. The abscissa has been changed to

reflect observed cross-section in square meters. Two additional points ha've been shown on this graph.

They are monostatic cross-sections obtained from a laboratory model study by ITT-EPL. They are shown

h-r-re to illustrate the compatibility of the two independent observations.

V CONCLUSIONS IU)

IS) It h.1-; been shown the the, BTEW-i concept is phenomenololocally feasible. The results of the

flight testvt ndicate a strong correlation between observed and predicted values of received power and

Doppler -xcursion. This implies then that a system design using the above techniques should yield

results commensurate with predictions.
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SLBM OBSERVATIONS (U)

Henry M. Baker

Raythe•n Company
Equipment Division

OHD Advanced Development Department
Spencer Laboratory

Burlington, Musachusetts

(S) In addition to the detection of aircraft, as discussed in other MAY BELL workshop papers. the

BTEW system can be used for the detection of submarine-launched ballistic and cruise missiles

(SLBK. SLCM). During the data take in Florida, the opportunity to collect data during one SLBM launch

occured. This event, ETR Test 2989, was a Poseidon missile. It was launched from the USS Observation

Island on 24 March 1970 at a range of 55 km from the receiver site. During this launch, two C'W

frequencies were being transmitted (5.152, 10.167 MHz) from Carter Cay, BW.. The frequencies were

monitored at the Cape Kennedy receiving site using the vertically polarized quater-wave-length monopole

antennas.

(S) The facsimile display of the spectral content of the 5. 1 5Z MHz signal is
shown in Figure 1. There are three distinct portions of the missile-induced
signature. These are the hard echo (T+40 to T+100 sec), wide-band noise-like
burst (110-170 sec) and an ionospheric echo effect (180-480 sec). The hard echo
is the skin track of the missile; the wide-band noise-like burst is a staging echo;
and the ionospheric perturbation is standard.

(S) The t 15 Hz sidebands observed in the data were present during many days of the data

recording. They occured on each frequency being observed and at first were thought to be associated

with the ITT passive modulator buoys. ITT personnel indicated, however, that their equipment was not

producing the side-bands at these frequencies. A complete test was made on the Raytheon equipment

and the results indicated the sidebands were not produced in the receiving equipment. Therefore, the
source of these sidebands remains an unknown.

(S) A predicted Doppler frequency shift for this test was obtained using the missile post flight data.

As can be seen in Figure 2, the observed skin track did agree closely with these predictions.

(S) Figure 3 shows that the same type of data was observed on the 10. 167 MHz frequency. Again

three portions of the signature are present, with a more pronounced hard echo. The predicted doppler
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(S)

shift again shows good correlation with the received hard echo, Figure 4. Notice that the received

carrier masks the initial 40 seconds of the predicted signature.

(S) The geometry associated with the event is shown in Figure 5. The tick marks on the trajectory

show the altitude of the vehicle and the time of flight. Note the region 40 to 100 seconds where the

hard echo was observable. At the signature onset (T + 40 seconds) the missile had travelled a horizontal

distance of only 5.5 kin. By the time of signature drop-out at 100 seconds, a total range of 87 km had

been traversed.

iS) The altitude and velocity plots verus time for the vehicle are shown in Figure 6. Tick marks

on these curves indicate the onset and the portion of the hard echo seen in the data.

(S) The lower plot of Figure 7 shows the comparison of a computed and the observed signature

received power on the two frequencies. The computed received power is based on a I m2 target

cross-section and was normalized to the existing system parameters. The 5 MHz computed and the actual
power received curves agree closely. This indicates that the observed cross-section on the 5-MHz fre-

quency was on the order of I m2 . The upper plot of Figure 7 shows the measured cross section on the

I 0-MHz frequency versus time. At signature onset, the cross-section was 57m2 and as the missile's
altitude increased the cross-section decreased. It is assumed that this decrease in cross-section is due to

the mismatch between the polarization of the vertical transmitting and receiving antennas and the
missile orientation which becomes more horizontal as the vehicle moves downrange. This polarization

mismatch was also observed by SRI and has been reported.I

CONCLUSIONS (U)

(S) A STEW system is capable of detecting SLBM missiles at a very low altitude.

(S) Because the carrier masks the very low doppler frequencies, the altitude of earliest detection is

dependent on the geometry involved. A means of reducing the carrier spread without a loss of system

sensitivity or a means of cancelling the carier would allow a Doppler signature of less than - 2 Hz to
be observed and permit the missile to be detected at a lower altitude.

(S) The three observable portions of the missile related signature are created by independent effects,

therefore, the probability of at least one of the three portions of the signature being detected is very

high and if more than one portion of the signature is observed a missile launch warning can be issued

with a very high confidence.
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(S) With a deploytý mjlti-station BTEW system where the hard echo is observed on three or more

independent paths, missile trajectory information can be derived in real-time from analysis of the

Doppler records for the observinn paths.

REFERENCE

I. G.N. Oetzel, "SLBM Radar Cross Section at HF (U)," Stanford Research Institute,

February 1970, SECRET.
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PROJECT AQUARIUS (BTEW-2) (U)

K. D. Snow

Sylvania Electronic Systems - West
Mountain View, California 94040

1 INTRODUCTION (U)

(S) Project Aqua. -. s a part of the ARPA-sponsored ocean surveillance program under Project

MAY BELL. The primary goals of the project as shown in Figure 1 are to experimentally demonstrate

the feasibility of detecting submarine launched ballistic missiles and low flying aircraft, and to compare

the experimentally observed detection ranges. The results of the experimental work completed to date
indicate that target aircraft can be detected at the theoretically predicted range and that the concept
is feasible providing there is sufficient radiated power from the transmitter.

II EXPERIMENTAL NETWORK (U)

(S) The experimental setup consists of using a bistatic HF continuous wave radar consisting of a

low power ocean-based bouy transmitter and high sensitivity receivers located on the coast. A detection

is made b", )serving the doppler-shifted signal that is scattered from a moving target such as an airplane

or an SLBM. The target is illuminated by line-of-sight or groundwave energy from a transmitter. The

scattered doppler-shifted return is received by ionospheric skywave as illustrate( in Figure 2.

(S) The experimental system geometry is shown in Figure 3 with the bouy transmitter .ocated

approximately 120 kilometers off the Cape Kennedy coast. A high power set of transmitters is located
at Carter Cay in the Bahaman Islands and the high sensitivity receiving system at Vint Hill Farms Station

in Virginia.
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III RECEIVING SITE (U)

(U) 'The block diagrams of the two receiving systems are shown in Figures 4 and 5. Figure 5 shows

a 12-channel receiving system, including a DF set connected to an LDAA steerable antenna. The twelve

analog receiving channels use R-390A receivers and drive a real-time analog spectral display and a

twelve-channel analog tape recorder. The other receiving system is a van-mounted high dynamic range

digital processing system containing synthesizer controlled receivers, digital spectrum analysis and both

an analog and digital PC M recording capability.

IV AIRCRAFT TESTS (U)

(S) Figure 6 lists the operations of aircraft flights and hearability tests through 10 February 1970.

On 27 January during the controlled tests, the P3B controlled aircrait was detected at two different

times on two different frequencies. The flight path and the detection regions for this 27 January flight

are shown in Figure 7. The data collected in real-time is shown in Figure 8. The data at the top of the

figure shows the detected doppler signature lasting for a period of approximately 30 seconds for the

10. 167 MHz frequency. The detection is at a range of approximately 9 kilometers from Carter Cay

and exists during the time when the plane banks following a turn over checkpoint C5. The lower half

of the figure shows the second detection on the 15.595 MHz frequency, again lasting for approximately

16 kilometers from Carter Cay. The same characteristic signature exists and is also present at the time

when the plane is banking during a turn over checkpoint D4. Both of these signatures seem to be at

times when there is sp.cular reflection from the transmitter at Carter Cay to the receiver at Vint Hill

Farms Station. Figu.'e 9 is an expanded view of the flight path and includes the detection regions for

these two detections. By assuming turns are completed by first flying over the checkpoint and then

making a maximum turn rate for the next checkpoint, the doppler shifts predicted from this type of

flight plan match very closely to the actual observed data as shown in Figure 8.

V SUMMARY (U)

(S) To summarize, the goals of the project have essentially been met; that of demonstrating the

feasibility of the bouy tactical early warning system. Howev ,: to make this system useful for detections

at any range beyond a few kilometers, the effective radiated -.,wer from the transmitter will have to

exceed the 2000 watts used for the Carter Cay detections of the controlled aircraft flights.
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BUOY CONSIDERATIONS (U)

Daniel M. Brown

Scripps Institution of Oceanography
La Jolla, California

I INTRODUCTION (U)

(U) The buoy must be designed as part of a system. Considerations of this system are -

How much antenna mntion can be tolerated?

How much power will be needed to run it?

What is the expected service life?

What security problems must be considered?

What provisions should be provided for servicing at sea?

What unusual sea conditions exist that might dictate a buoy different from a
"standard" buoy" -- And with what impact on cost?

il MOTION (U)

(U) Antenna people must consider the real needs for antenna motion, as this has the greatest affct
on choice of buoy concepts. Small surface-following floats, such as the Bumblebee, can respond to as

little as a 2-second period roll. The mast and buoy can overcome this period by its mass so that hulls

will not respond to high frequency waves. When wAves are taller, the hull merely follows the sea surf.

slope at whatever natural frequencies exist. Larger surface-following floats have greater payload and can

overcome most choppy sea-state conditions.

(U) Non-surface-following floats such as a spar buoy will hold most motion to a minimum up to the

point of r•-sonance where it begins to osillate up and down.

(Ul A spar buoy must be quite large t 80 feet or more) to keep the mast out of the water in most sea
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(U)
states. Size is not bad if it is consistent with all other requirements.

IH POWER (U)

(U) Motion generators develop power in proportion to their size, but the motion may not always be

available, or an unusual lack of motion (wind or wave) may exceed expectations and exhaust tle battery

reserve. Stored energy has weight and dictates a buoy displhcement proportional to the service life.

Diesel or piopane 4-cycle generators radiate considerable noise through the water which can be used to

locate the buoy. Nuclear power presents a poli.cal problem if a buoy breaks loose and comes ashore.

If they are not too far offshore shore-based power could be run out to a line of buoys through undersea

cables, and up to the buoy.

IV SERVICE LIFE (U)

(U) The buoy should be designed for servicing on-station at sea, or for replacement in the event of
failure of some sort, or for routine maintainance. In addition to servicing, buoy design nee63 to reflect

shipboard handling and deployment considerations.

(U) Any of the proven materials used for a ship or boat can also be used for a buoy to compliment

the antenna needs, e.g., steel, plywood, fiberglass, ferrocement.

(U) Mooring lines of nylon rope, jacketed with polyethylene in areas of fishbite or wear, can be used

for long periods of time - 18 months to 2 years.

V SECURITY (U)

(U) Peop!e will visit a buoy if they find it. Should it have an "open hatch alarm" that radios to a

shore base" Should it be self scuttling in event of theft, or breaking loose, or by radio command? If
it does not have all the navigational lights, horns, bells etc., what about maritime liability in the event

of a collision? Should the buoy be designed for no service access after a hatch is welded shut? Also, it

must have a "silent" power source so that it can't be located by hydrophones.

VI SERVICE AT SEA (U

SU) ('onsideration of method of service is vital in desip. If it is to be boarded at sea it must be

provided with the nocressary hatches and handrails to board in moderate sea. If it is designed for

IRAr
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(U)
replacnement, then quick-disconnect systems or exchangeable mooring attachments must be provided as

well as shipboard lifting or retrieval gear.

VII IMWACT OF UNUSUAL SEA CONDITIONS ON COST (U)

(U) A -standard" design can be used in most ocean areas, but in some areas such as the Gulf Stream,.

or arteas of excessive icing, special designs may be necessary to survive these conoitions, which would

increase coits to more than that of a "standard" buoy.
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MAY BELL PLATFORM PROBLEMS (U)

Dr. Frank Bader

The Johns Hopkins University
Applied Physics Laboratory

8621 Georgia Avenue
Silver Spring, Maryland 20910

I SUMMARY (U)

(S) SCRIPPS Oceanographic Institution "Bumblebee" tyjpc oceanographic buoys were used as ocean

platforms for radio transmitters during BTEW studies. Although used for a purpose and at locations other

than those for which designed, the buoys functioned in a satisfactory though perhaps non-optimum

manner. This discussion presents our interpretation of the BTEW buoy requirements together with a

discussion of problems encountered in use of buoy-mounted radio equipment.

I! REQUIREMENTS (U)

(U) In summary the buoy requirements are ruggedness to withstand storms, stability as an antenna

platform and load carrying capability to accomimodate ihe radio transmitters, power supplies and ofthcr

payload. Cost should be moderate with a relatively long life (years) in use. The buoy should provide
suitably protected spaces for electronics and a mounting base for a monopole antenna of 20 to 30 foct

in height. The "payload" includes 14 lead-acid storage batteries weighing about 1000 pounds and about

50 pounds each of electronics and telemetering sensors, with a large part of the latter weights being

related to watertight containers.

III OPERATIONS W U)

1U) Of the four SCRIPPS "Bumblebee" buoys furnished to the Applied Physics Laborator .hN ARPA,
three of these were equipped with transmitters and the fourth was turned over to ITT-FIcctro PhN s,,

Laboratory for emplacement of a broadband antenna and passive modulator. Two bu.toys. one cquippcd

by API. and the other equipped by ITT, were emplaced first on the ('hcspeakc Bay and sutvequcntl%

off (ape Kennedy. Florida for over-the-honron tests.
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(U) I The (Chesapeake Bay tests were a "shakedown" of electronic equipment and not a test of buoy

s.aworthincss. rhe Cape Kennedy moorings arc shown in Figure I with the API. buoy at a 12 A kilon•icci

(65 mile) range within the outer fringe of the Gulf Stream and the lIT-equipped unit at 50 kilometers

127 ki nmi) in the inner margin of the Gulf Stream. Water depths were around 2400 feet and 250 feet

respectively. The Gulf Stream speed was around 2 knots at these location, imposing 100 to 200 pounds

drag on the moornnp. The mooring problems are very similar to Naval paravane towline problems which

have been studied extensively by the Naval Ship Systems Command, David Taylor Model Basin and.

for example, discussed in their report number 533 of October 1944 by Messrs. L. [andweber and

M. II. Protter. In summary, the horizontal stream forces upon the buoys due to currents and wind drag

may produce horizontal pulls upon the mooring of 100 to 200 pounds, these coupled with stream forces

on mooring lines produce mooring line tensions of between 700 and 2000 pounds force depending on

mooring line length (often called scope); with lesser values of line tension occunir"z for longer length-

of mooring line. At the bottom of the mooring line, one must provide a sifficient -d&-ad weight" to

overcome the vertical component of the mooring line tension plus a suitable anchor to imbe into the

ocean bottom to resist horizontal stream forces upon the buoy.

(U) Figure 2 shows the arrangement used 'o moor the APL equipped Bumblebee buoy. This was used

satisfactorily three times. The Fust mooring was for only a week in December 1969 with the buoy being

taken up intentionilly because tests were to be recessed for Christmas. The succeeding mooring made on

January 20, 1970 held for a month until the buoy had to be taken up for repairs to the antenna and

electronics. A swedged cable joint, shown in Figure 3. was found to be on the verge of failure due to the

use of an aluminum-magnesium sleeve used through error in place of Nicccpress sleeves recommended

by SCRIPPS (and used on every other joint). The buoy was refitted and remoored 17 March and held

its moorings through mid April without failure until test termination. Mooring components we.c re-

covered and found to be intact and undamaged except for the scraping during take-up.

I U) During emplacements, several storms were observed at Cape Kennedy with waves up to 12 feet
high, the buoys survived although the antenna upon the APL-equipped buoy was damaged, apparently

through excessive roll which caused the tips of the antenna "top hat" to roll into the water and be

broken off by wave force. Buoy environmental data telkmetry indicated that even for relatively calm

scas the buoy would gererally be rolling plus or minus 10 degrees. The buoy arrangement is shown in

Figure 4.

IV CONCLUSION WU)

is) The Bumblebee buoys were satisfactory for the purposes of the BTIFW surface wave radio propa-

&otion mcasurements. More stable platforms would be desirable for a tactical buoy-mounted over-thc-
horizon radar transmitter. Ideally, the buoy hull should maintain an attitude tangent to the local water
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iS)
surface at a constant height so that the transmitter antenna. properties were not altered through change
in elevation or tilt with respect to the local water surface. The ONR-Convair "Monster" buoy is
apparently of this configuration but buoy cost and size are several orders of magnitude larger than that
for the Bumblebee buoys. If large (I kW or larer) transmitters are to be employed, such large buoys
may be needed to carry electrical power supplies and fuel for continuous operation over a period of

months.
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BTEW SYSTEMS ANALYSIS: CLUTTER (U)

Donald E. Barrick

Battelle Memorial Institute
505 King Avenue

Columbus, Ohio 43201

I INTRODUCTION (U)

(S) Last spring a brief study was undertaken to calculate expected target-to-clutter ratios for a CW

BTEW configuration. An aircraft was selected to fly near the deck on an approaching course. The object

was to find how much lower the total received target signal would be from the total received clutter signal.

and also from the direct signal transmitted by the buoy. While spectral processing can certainly be used.

to detect target signals 40-50 dB below the clutter and carrier due to the different dopplers involved,

ultimate limits on such clutter suppression technique are set by the dynamic range of the system. Thus

the purpose of the present study is to indicate the required dynamic range; as well as the clutter improve-

ni.ent ratio needed for CW detection and tracking of aircraft targets in a high-clutter environment.

Ii APPROACH (U)

(U) The example to be considered is not meant to prove a point: it may not even be rep:esentative of

the final geometry selected for a BTEW system. It is merely chosen to obtain a feel for the order of

magnitude and dependence of the target-to-clutter and target-to-direct signal ratios on the range and path.

(S) For the hypothetical system examined, an omnidirectional buoy transmitter is located 300 km

from the shore-based receiving antenna. The latter is assumed to be a steerable array of half-wave dipoles

750 feet long with a beamwidth of about 100. A gaussian pattern is employed for convenience. The

frequency assumed for the example is 7MHz. The gain of the transmitting antenna is 1.64, the gain of the

rec:eiving antenna is 36 exp J-.693 1 (0 -00)/5c I I . 0o is the direction in which the receiver beam is

pointing with respect to the transmitter-receiver baseline. A simple CW signal is employed so that no

direct range resolution is possible.
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(U) In calculating the received signals, the basic transmission loss is used tv describe propagation.

This quantity was discussed in a paper titled "Theory of Attenuation and Clutter (U)" presented by this

author at another session of this workshop. Curves of loss across the sea were presented in that report.

For this problem, Sea State 2 is assumed in entering the loss curves.

(S) As applied to the aircraft, the radar range equation can be rewritten in terms of Lr and L. the

basic transmission losses from transmitter-to-target and target-to-receiver, as follows:

L 10Lg P R =14rio
Lo =T-lLog1 0  PT =LT + L R -Gr -GR-l10Log, 0 ( ,

where

P R = Received power

P1  = Transmitted power

Lo = Overall transmission loss

GT and G R =The free-space antenna gains

a The radar cross section of the aircraft. The latter is taken to be 40 m2 throughout

the problem.

(S) The above equation is expressed in decibels. Figure 1 shows a possible radar-target geometry in

which the aircraft is approaching on a course 20 0 from the baseline. Its range from the receiver is 370 km.

The receiving antenna beam is pointed directly at the aircraft. For this single configuration, the overall

loss, Lo, is 201 dB; actually, Lo is conputed versus range for the aircraft approaching on two courses, 200

from the baseline and on the baseline. The receiving antenna is pointed at the target in both cases.

(C) To compute the received clutter signal, the same procedure is applied to a target which in this

case is a patch of sea of area RR ARR AO, as shown in Figure 2. Here, the sea has an average bistatic

scattering cross section per unit area, oa,, of-30 dB; this number is somewhat lower than its fully

developed value of-23 dB, so as not to be overly pessimistic. A ntmerical integration must be performed,

summing the powers received from all patches. Figure 2 sho%% how the overall transmission loss is com -

puted for a particular patch, the i, j-th patch. The receiver beam is pointed 200 off the baseline.

Figure 3 shows the weights of all such patches in their contributions to the total received clutter. The

total loss for all of the clutter, computed by summing the absolute power received from each patch, is

143.5 dB. This clutter calculation is also performed for the receiver beam pointed along the baseline as

well, in which case the overall clutter loss is 125.8 dB.

(C) Finally, the power in the direct signal from the transmitter to the receiver is computed. The latter

is done for beam positions 200 and 00 from the baseline. The loss corresponding to these two cases is

142.4 dB and 94 dB.
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(S) These numbers are then used to conpute the target signal-to-clutter ratio for the aircraft approch-

ing on the two paths as a function of range. The results are shown in Figures 4 and 5. In Figure 5, the

notch at 300 kin occurs when the aircraft passes directly over the buoy, in which case the target signal

becomes very large. Hence the signal-to-clutter ratio drops at this point.

(C) Figures 6 and 7 show the target-signal to direct-signal ratios for the same two approach courses.

III CONCLUSIONS (U)

(S) Several conclusions can be drawn from these curves. For one thing, the target must be close to

the bttoy fence before the two ratios drop below about -60 dB. This latter nunrber might be taken as a

state-of-the-art dynamic range for a radar receiver and processor, although by no means the ultimate

possible.

(S) Another conclusion is that the worst approach path is the one P.long the baseline. There, the

strong direct signal would tend to swamp the weak aircraft signal, except possibly when the aircraft

passes over the transmitter. Over most of the path, the target echo will be 80 dB or more below the

direct signal. Of course, the better ratio for the 200 path is only possible here because the beam of the

receiving antenna is pointed away from the buoy, and hence the direct signal is weaker. A non-directional

receiving antenna would result in a bad ratio for both aircraft courses.

(S) The above ratios become better for the buoy fence closer to the shore and -.:-;o for the aircraft

target at a higher altitude. Studies simila: to that done riere are to be undertaken for fences at different

locations and also for more realistic antenna patterns and target cross sections. Phase-coded signals,
which permit exclusion of signals from all except the de, ired ralige cell, will certainly offer improvement

over a CW system, and are to be included in further studies.
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THE BUOY TACTICAL EARLY WARNING SYSTEM CONCEPT. BTEW-I (S)

L. Edwards

Ray theon Company
Equipment Divisic,,a

OHD Advanced Development Department
Spencer Laboratory

Burlington. Massach'pietts

(S) The BTEW concept originally evolved from the thought that OTH surveillance might be achieved.

even during times of nuclear blackout, by using a system based upon ground wave propagation. Such a
s% stem would, in fact, enjoy increased range and sensitivity at time of nuclear hblckout becP-ijs lesser

amounts ot noise would reach the receiver via ionospheric paths.

(S) Monostatic Ground Wave Radar systems had been considered in the past; however, it was well

known that such sy3:eris achieve long range coverage only at the cost of very high power. To overcome

this disadvantage it was suggested that a buoy terminal in a histatic mode might permit long range detec-

tion while po•er and system gain factors were kept to levels more attractive- from a cost viewpoint.

I(C) Lacking a specifically defined performance req,!irement ih was decided to take the approach of

attempting to define the capabilities, or potential capabilities, of the concept as a function of system gain.

(S) In general it is desired to determine the practical usefulness of the concept as applied to the entire

coastal defense problem, as well as to the defrnse of specific strategic areas such as the Florida straits or
the Northeast industrial complex.

IS) The propagation and feasibility tests that were conducted off the Florida coast demonstrated

that standard radar calculation techniques, coupled with Barrick's loss model, could be used to describe

coverage areas. Actually to calculate coverage areas, it is neceisrý to define the deployment concept

being exainned, tht various system parameters and the threat or expected target. Four different deploy-
ment ,.oncepts were examined:

T "he monostatic radar ca'.
* A shore transmitter and buoy receiver
• A buoy transmitter and shore recei•er
* Buoy-to-buoy pairs
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Ihe tcp i:ced threat niwotipAs.. targets Irom the SL(CM site to larger h•oaiict,, and S1.IiV\ At It

t. pi:cal ground wave operating tretquencs ot 10 Mitl the cross %.tti0i•s o thew target-, range from .ib)ui

S a-. for the SL('I, about 100 i. lot tht attai.k bombers. and about 104 m-' lot an SLBM when it

reache, the lower ionosphere. the system parameters chown tot each ol the deploh meint %:oncept, cx-

amannd are shown in Figure 1.

iS) The coverage by the monostatic system is shown in Figure 2. The map area shown cover- ,he
c.ar ern wcaloard from Boston and the Massachusetts ('ape arci dot it•, the Wahington-Baltnmorc-
(Ochapc.,ke HBa area. The system is shown located on the lower end of Long Isnd. The inner om1.-nL7triL

circles rcprc,:wnl the range out io 125 km where detection could he achieved by %imaply puic mnodulathnm

the 200 kW transmitter with a I0-s pulse. The outer sector reprenlt, the area that could bxe covered

out to 25iO km using a I-ms (long) pulse with a 10 1 pulse compre.sion.todc that allowed range re%4,utitio

of .'bout I5 kmi. With 8-degree azimuthal resolution provided by the antenna, thi, would allow t.trprt

Iocai.on to within fbout a 15 km square at a range of about 200 kmi.

iS) The additional coverage that would be afforded by adding a buoy receiver to the complex is,

illustrated in Figure 3. This variation provides coverage out to 300-.350 km from the sho-e station.

iS) The c:)vcrage provided by the Bistatic II Buoy Transmitter - Shore Receiver system r. descrlbed in

Figure I and shown in Figure 4. Thrre shore receiver stations and seven buoys provide a radar fence at

200-225 km range from the Massachusetts Cape area down the coast to the Washirgton Area.

(S) The Bistatic M11 buoy-pair concept provides linfited aircraft coveragc. The

buoys can be spaced at about 100-km intervals; but by using either ground wave or

satellite telemetry modes back to shore, they could provide warning at greater
off-shore distances plus offering much greater surveillance of SLBM's. A possible

East coast buoy fence system is illustrated in Figure 5.

iS) Figure 6 has been prepared to illustrate the magnitude of a system designed to, pro% idc sunreillanc.

for the cntire Eastern coast of the United States. Ten shore stations operating both ronostatically and

bistaticall, with about 30 off-shore buoy rcegacvers wou!d provide continuous coverage from Nosa Scotia

down around the tip of Florida out to a range of about 350 kmi.

is) The basic feasibility; ol the BTEW- I concept has been n..c•cessfuih., ýcrnonstratcd. A systemr of
modest stc. and therefore presumably modest copt, can provide off-shorc detection cover,,age out to

ranges of 300 to 400 kms. SLBM coverage can be obtained tc significantly greater ranges.
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(S)

MONOSTATIC BISTATIC I
SYSTEM PARAMETERS BUOY RECEIVER - SHORE TRANSMITTER

GT = 22 dB GT = 22.5 dB
GR = 22 dB GR = I dB (2 dB - I dB)

F 10 MHz F = !0MHz
a = 100 m2  a = 00 m2

PT = IOOkW(200kWPEP) PT = 100kW
3 dB efficiency loss 3 db efficiency loss
Noise -- -154 dBW/I-Hz band Noise = -154 dBW/I-Hz band

PR = Noise + 9 dB = -145 dBW PR Noise + 9 dB = -145 dBW

SEA STATE 3 SEA STATE 3

BISTATIC II BISTATIC III
BUOY TRANSMITTER - SHORE RECEIVER BUOY TRANSMITTER - BUOY RECEIVER

GT = 1 dB GT = 1 dB

GR = 22dB GR = 1 dB

F = !0MHz F = 10 MHz

a = 100 m2  a = 100 m2

PT = 1 kW PT = 1 kW

3 dB efficiency loss Noise = -154 dBW/Hz band
Noise = -154 dB/l-Hz band PR = Noise + 14 dB

PR = Noise + 9 dB SEA STATE 3
SEA STATE 3

(S) Figure 1. System Parameter Tabulation (U)
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(S)

ayqiT M PARAMETERS
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(S) Figure 5. Coverage Map of Fence Radar Using Buoy Pair3 (U)
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COMPARISON OF SEVERAL BTEW SYSTEM CONFIGURATIONS I U)

J. W. Follin, Jr.

Applied Physics Laboratory
The Johns Hopkins University

8621 Georgia Avenue
Silver Spring, Maryland 20910

((') A relative comparison of different system configurations can be made without detailed target and

ambient noise conditions by comparison of illuminating power at the target for several geometries. F:,r
example, Figure I shows the power delivered to a buoy from a shore radar with an aperture of I kilometer

and an average power of I megawatt as a function of range to the target. Also shown are the powers

delivered to a target from a buoy radiating one kilomtt isotropically. By comparing these cases for
which the power on target is identical, it is possible to determine the buoy spacing for which the signal-

to-noise at the land-based receiver is the same for both systems. It must be realized that the target

aspect, and hence its radar cross section, r-ay differ; and the Doppler shift expected, especially for SLBMs,

will also differ.

(C) The second set of curves in Figurc 2 shows i comparison in which the system is run backward,

transmitting from land and receiving on tVw buoy. T1'is system has an advantage of 30 dB in average power

while all of the antenna gains ar! comp,!rdble. In addi;i,)n, it is probable that the ambient noise in thL

vicinity of the buoy is less than that in the vicinity of •i~e >:,nd-based radar, perhaps by 10 dB. This

shows that, for system ranges of 500 kilometers from sl- -:e, a buoy spacing of 400 kilometers gives

comparable performance directly between adjoining buoys, and improved performance closer to the

individual buoy locations.

(C) For the skywave case we oversimplified the ionospherit. path to the line-of-sight minus 10 dB,

and the illumination density, as shown in Figure 3. Figure 4 shows the comparison of monostatic versus

bistatic. It is apparent that rather high buoy densities are required to compete with the monostatic radar

%kywave case.
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(C) These compansons between systems only suggest which one is pre.ferable, not whether it can in

fact cut the mustard, and more detailed c.aculations such as those presented by the preceding speakers

Are needed to determine system effectivenesi. However, before final conclusions can be drawn it %cems

a sife conclusion to draw that BTFW surface wave systems are useful, but for the skywave cas much

more an .l,' is is required. cspe.ially with a disturbed ionosphere.
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PANEL REPORTS (U)

I CONCLUSION (U)

A, Path Loss (from Carter Cay) (U)

(U) Average absolute received path loss compares well with predicted average loss (Sea States 0-1 ),

to 1-2 dB.

(U) Total spread on received path loss at 5 and 10 MHz compares well with predicted variations

with sea state by Barrick; i.e., about 3 dB at 5 MHz and about 9 dB at 10 MHz. At 15 and 20 MHz,

the data points are too few to permit any conclusions.

(U) Day-to-day correlation between measured path loss and predictions based on hindcast wind

and wave data is generally poor, except for two or three days when there were significant changes in

sea state. However, day-to-day correlation of the three sources of hindcast data is also po.'-r. Hence,

in the absence of actual ocean spectrum measurements, day-to-day correlation of measurements with

predictions is not expected to be a meaningful test of sea state dependence.

(U) Correlation between 5, 10, 15 and 20 MHz path loss measurements on a day-to-day basis

should provide some test of dependence on sea state. If more data points can be obtained at 5, 15

and 20 MHz, such correlations will be meaningful.

(U) Day-to-day variations in path loss due to equipment systematic errors are believed to be less

than 2 dB (Dr. L. Wetzel provided rough calculations to document this conclusion).

(U) Conductivity variations of the sea water (based on analysis) had no important role in received

signal le-, variations.

(U) Possible effects of ducting are completely unknown. No way is known of assessing this

factor from existing measurements, nor are any predictions or even estimates available (to anyone's

knowledge) on the seriousness of ducting over the sea at HF.

(U) There is some evidence of possible direct signal spectral broadening due to the moving sea

surface, especially at the higher frequencies. However, limited high sea state occurences and possible

contamination by sky-wave make any final conclusions about spectral broadening impossible.
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B. Sea Clutter (from the Buoy and Carter Cay) (U)

(U) ('omparisons of clutter measurements with wave heights and directions are meaningful primarily

for the buoy measurements; too much of tile area in the various range gates around Carter Cay con-

sists of land, shoals, or shallow water, especially the significant backscatter region behind tile trans-

mitter. Hence, correlations are to be based primarily on buoy data.

(K) Buoy ineasti.eircnts were restricted to only the 5-MHz data for about 10 days in March. Some

possibility exists for examining Llutter spectra at 10 MHz from the l)ecember measurements.

(I1) Clutter spectra permit detailed analysis only in the 1'/2-Hertz mode, i.e., spread out so that

tile resonant Bragg scatter ocean waves whose Dopplers lie within one Hertz of the curves can be

observed.

(U) On the basis of existing measurements, the predicted mechanism i', well confirmed from the
",clutter occupincy" of the spectrum. The "pedestals" predicted for bistatic geometries are present,

and their width and position varies exactly as predicted throughout the different range gates, phase

code rates, and frequencies.

(U) Correlation of 5-MHz spectra with expected spectra based upon ocean wave height and direc-

tion hindcast data for several days shows excellent agreement and again confirms the predicted

mechanism.

(U) Total scatter cross section, o,, as deduced from measurements on several days with moderate

seas, agrees reasonably well with predictions and with measurements of Crombie, Headrick and others.

There remain differences of definition of uo, but these will be resolved so that more of these inde-

pendent comparisons can be made directly.

(U) Little can be deduced from the measurements about the region between the carrier and the

clutter pedestals during higher sea states. While some records for higher sea states show this region

well filled in compared to similar records for calm seas, too few such comparisons are available.

No present first-order theory offers estimates for this region either.

(U) Measurements at 5 MHz show higher clutter levels than would have been deduced from the
"cutoff" of the wind-wave models. Often the latter models on the days in question would have

predicted no scatter because of the absence of resonant ocean waves. Thus the measurements show

that the standard windwave models are not reliable in the lower regions because of the presence of

sonic longer ocean waves, or swell.
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(S) Agreement between theory, the Raytheon measurements, and the measurements of others is

so good that tile theoretical models can be used reliably for system design purposes at 11F. This is

especially true in aircraft or SLBM defense where high D)oppler shifts are expected. Use of tile models

for low-velocity target systems (such as ship detection) must be tempered ý-omewhat by uncertainties

in clutter level around the first-order spectral pedestals of' the model.

C. Sea-State Obsrvations (U)

(U) There were three significant regions of sea involved in the Carter Cay ('ape Kennedy

propagation path: 1), shallow water near the Florida coast (about 30 kmi); 2) the moving currents

of the Gulf Stream; and 3), the shoal waters near the Bahamas (about 55 kin). Distinctly differer.t

ocean-wave conditions were consistently observed from the surveying aircraft in these three regions.

(U) Wind speed and direction has been plotted on a daily basis at both ('ape Kennedy and Grand

Bahama Island. Wave hindcast data showing waveheight and direction for the general region of the

Atlantic has also been plotted on a daily basis.

(U) The possible sources of information about the state of the sea mentioned above correlated

poorly on a day-to-day basis.

(U) Aerial photographs of the sea wave were made for 18 days. The goal of these flights was the

direct constniction of isotropic water-wave spectra using the Stilwell coherent optics technique. Due

to the use of the wrong type of film, such spectra cannot be computed from any of the photographs.

(U) The above photographs can and will be used to deduce rough information about ocean-wave

directionality.

(U) Laser profilometer measurements were also recorded along the propagation path during the 18

flights. Because of uncertainties involving aircraft motion contaminating the height data, no usable

ocean wave spectra have yet been available.

(U) Aircraft motions were recorded during the eighteen flights aq an accelerometer output. NRL

personnel have stated that this accelerometer output will be analyzed and the knowledge of the

resulting aircraft motion spectrum will be used to obtain the true ocean-wave spectnim. They have

promised that these spectra will be processed within one month.

(U) Hindcast data show that over the three-month measurement period, the seas were relatively

calm with a Sea State 6 being reported only once. Average conditions appeared to be Sea State I to

Sea State 3.

(U) Accelerometer and inclinometer data telemetered from the buoy is of insufficient quantity and

reliability to allow the inference of sea state conditions.
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I! RECOMMENDATIONS (U)

A. Additional Measurements (U

(U) rhe Committee on iheory and Measurements recommends additional pvth loss measurcments.

[ie suggestion was initiated by I)r. Allen Peterson and discussed in some detail by tile committee.

[lhe reason; that additional path loss measurements were felt necessary are listeu below.

"* (U) Path loss measurements at 5, 15 and 20 MHz at present appear too few and
sporadic to permit conclusions or even trends to be established.

" (U) Overlapping days, i.e., days on which path loss at more than one frequency
was obtained, are very few. Overlap on the days with high sea states or high
weather conditions (i.e., conducive to possible ducting) does not exist. Without
many such overlapping days, effects of the environment cannot be studied or
related to measurements.

"* (U) Spectral widening of the direct signal by the moving sea during high sea states
appears to be a possibility from one or two records, but again too little data is
available during high seas to permit any conclusions about this important phenomenon.

"* (U) Much of the time the ground-wave signal was contaminated by sky-wave.
It was only near the end of the three-month period that phase-coded emissions
at 5 and 10 MHz permitted positive separation of ground-wave from sky-wave.

"* (U) [he weather in the area from January through March does riot normally
undergo great changes. Temperature and seas appear to vary less about a mean
than during warmer summer months and hurricane seasons.

"* (U) Nearly one-third of the path crosses shoals, while much of the remainder
crosses the Gulf Stream. Hence, most of tile path consists of water whose surtace
is not typical of deep-water ocean.

SU) The suggested investigation would consist of and emphasize the following parts:

* (U) A long path over deep water would be selected, preferably with end points
on land so as to reduce expense of the measurements. Fihe path should bc 300 to
400 km long. A possible path considered anti recommended stretches between
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(U)
Cape ('od and noirthern Maine, near the Bay of t'uno, . over 90 p)ercent of* this
path is over water more than 500 feet deep. Rep(orted seas in this area are quite
high and often influenced by Northeasterly stormts ",lowing nearly parallel to the
propagation path.

W() Phase-coded, highly stable signals at 5, 10, 15 and 20 Mli/ should be employed.
rhe phase-code is n•'ccssary to ensure separatio-, of' thf ground-wave froan the
skv-wave.

W1(U) Path-loss measurements should be made twice daily over a period of five

mont hs. Fhie mneasure-nillnt period chosen shoul d include both summer and winter

weather.

( U) Field-strength probes should be used daily to calibrate the main transmit and
receive antennas. The field structure from the main antenna out along the beach
and into the water should also be probed, at least once during the period.

* (U) The main antennas should be kept simple. i.e., vertical quarter-wave monopoles.

* (C) Path-loss signals for the ground-wave should be measured in Range Gate 0,
i.e., the range gate corresponding to the arrival time of' the direct signal. Spectral
processing should be available so as to allow better than 0.01-Hertz resolution.
This will permit a study of direct signal broadening due to sea wave motion and
(possibly) atmospheric turbulence.

* (U) Range Gates 1, 2, 3, 4, etc. should also be spectrally examined (occasionally)
to permit study of sea clutter and sky-wave signals.

S(C) One wave spar should be used to measure and telemeter the isotropic ocean
wave spectrum somewhere near the path midpoint.

e (U) Pulsed sea backscatter measurements should be made near the receiver site,
in the manner reported by Crombie in his papers presented in these proceedings.
These measurements appear to allow fairly accurate and inexpensive calculation
of the isotropic ocean waveheight spectrum.

U (U) Ilindcast wind and wave data should be collected. Also, quantitative
meterological data versus altitude and position should be gathered where possible
to permit calculation and study of the refractivity.

e (U) Signal strength versus range should be measured at least once during the
experiment. This could be done with a transmitter on a small boat or from
various other shore points.

( U) IHorizontal polarization near the receiving antenna should be measured several
time,, especially during high seas. This will indicate the presence of any de-
polarization from steeply sloping ocean waves.
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B. Additional Processing of Existing Data (U)

(U) NRL should be asked to complete analysis of wave data from their profilometer records for

the 18 flights. This ocean-wave data should be plotted beside the path loss measurements for the

same days.

(U) Raytheon should, where possible, process and plot more points of path loss on 5, 15 and

20 M1l1.

,U) The total number of reliable path-loss points on each frequency should be calculated.

(U) The mean and variance of the path loss signals on each frequency should be calculated.

(U) Mean and variance of expected (or predicted) path loss should be calculated for each frequency

based on the hindcast waveheight data on the days of observations.

(U) Averages of several clutter spectral records in the l/2-Hertz mode should be made, especially

for days such as March 23 and March 26 when clutter is clearly in evidence. These averages should

be made over a duration for several independent samples (an independent sample in the 1½2-Hertz

mode is 162 seconds long).
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TASK ABSTRACTS (U)

THEORETICAL STUDIES; CALCULATIONS SURFACE WAVE (U)

Organization (U)

(U) Battelle Memorial Institute

Specific Objective (U)

•l) Determination of surface wave attenuation and clutter as a function of sea state, range,

frequency and aspect angle.

System Concept-Relation and Importance (U)

(U) Important to all concepts where surface wave propagation is involved in predicting the clutter

amplitude and doppler of the sea and the range performance.
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THEORETICAL STUDY-ATFENUATION OVER IRREGULAR INHOMOGENOUS TERRAIN (U)

Organization (U)

W) IFSSA

Specific Objective (U)

(U) Development and application of theoretical techniques for determining the surface wave

atteruation over surfaces having different dielectric constants and conductivities.

System Concept-Relation and Importance (U)

(U) Applicable in predicting system performance where surtace wave is used and land sea intcr-

faces occur. Typical examples involve an antenna located on land and using surface wave for trans-

mission or reception, or where energy used in surface wave mode must traverse an island. This is

important in deter-mining system losses that reduce range or cause shadow zones (e.g., islands).
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BISTATIC SEA ATTENUATION AND CLUTTER MEASUREMNTS (Uj

Organization 4 U)

(tU) Raytheon

Specific Objectives (U)

III) Substantiated the theoretical calculations of attenuation and clutter of surface wave propaga-

tion as a function of sea state, frequency, distance, and aspect angle.

System Concept-Relation and Importance (U)

(S) Applicable in predicting the performance of all systems where ocean surface wave is used

in propagating to and/or from target.

2S R
SECRET



SECRET
(this page confidential I

MONOSTATIC SEA CLUTTER MEASUREMENTS (W)

Organization (U)

iUW IFSSA

Specific Objective (U)

I ') l)ctermine and correlatc with wea iatc the monostatlc clutter spectrum as a function of range

((0- 1So kin) aid frequency.

System Concept-Relation and Importance (U)

tC) Important in predicting range performance and clutter rejection requirements of a land

based or ship based monostatic radar.

i
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SLBM CROSS-SECTION (U)

Organization (U)

(U) Stanford Research Institute

Specific Objective (U)

(S) Compile and suiminarize the available data on the theoretical calculation and measurements

of SLBM cross-sections.

System Concept-Relation and Importance (U)

(S) Requi-ed for the design and performance prediction of HF radar systems against SLBM's.
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SHIP CROSS-SECTION MODEL MEASUREMENTS (U)

Organization (U)

(U) Stanford University

Objective (U)

(S) Calculate theoretically and measure experimentally cross-sections of two representative scale

model ships as a function of frequency, aspect angle and polarization at 11F.

System Concept-Relation and lmp'rtance (U)

(C) Required to determine ship detection system performance, alculations.
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SHIP CROSS-SECTION MEASUREMENTS (U)

Organization (U)

fU) Naval Research Laboratory

Objective (U)

(C) Measure cross-sections of actual ships at specific aspect angles and frequencies with the

MADRE radar.

System Concept-Relation and Importance (U)

(C) Demonstrates that ships can be detected using pulse Doppler Radar. Provides check points

at specific frequency and aspects to correlate with model measurements. Provides input for system

performance calculations.
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WAKE STUDY (U)

Organization (U)

(U) FSSA

Specific Objective •U)

(S) Determine theoretically the size, aspect, frequency, and spectral characteristics of ship and

submarine wakes applicable to HF radar.

System Concept-Relation and Importance (U)

(S) Ship wakes may be of sufficient size and spectral characteristics so as to enhance the nominal

ship- cross-section and increase the capability to detect and track ships.

(S) Under certain high speeds and shallow depths of travel submarines may produce wakes that

are detectable with HF radar.
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FLEET AIR DEFENSE (FAD) TEST NO. IA (U)

Organization (U)

(U) ITT-Electro Physics Laboratory/Naval Research Laboratory

Objective JU)

(S) To conduct an initial demonstration of the feasibility of detecting and tracking aircraft with

the Fleet Air Defense (FAD) concept using distant sky-wave illumination from a ground-based

transmitter and receiving the target reflected energy via a surface wave to a land-based receiver.

Compare the concept using two different signal formats.

System Concept-Relation and Importance (U)

(S) An important initial demonstration to ensure there are no major problems in the basic con-

cept prior to proceeding with a shipborne receiver installation. Ensures that dynamic range, target

cross-polarization cross-section and clutter can be handled by known technology. The concept is

important in providing a silent fleet surveillance capability.
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MONOSTATIC DOPPLER SEA CLUTTER MEASUREMENTS(U)

Organization (U)

(U) Naval Research Laboratory

Specific Objective (C)

(S) Determine the Doppler characteristics of sea clutter using the MADRE radar.

System Concept-Relation and Importance (U)

(S) Provides typical Doppler sea clutter records for the design of pulse Doppler ocean surface

surveillance radars. Measurements are limited in frequency range (10-26 MHz) and at a specific

fixed frequency at any one time.
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MONOSTATIC HIGH RESOLUTION SEA CLUITTER MEASUREMENTS (U)

Organization (U)

(tU) Stanford University

Specific Objective (U)

(S, l)etermine the amplitude and polarization characteristics of sea scatter in azimuth and

tEMU,'W high resolution techniques.

System Concept-Relation and Importance (U)

(S) It may be possible to detect ships on the surface of the ocean on a power basis. That is if
re~solution c'ell size is reduced in range and azimuth until its cross sec:tion due to sea clutter is less

than that of the ship.
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SHIP AHOY NO. IA (Ul

Organization I U)

ILU) Stanford University

Objective 1U)

iS) Investigate the feasibility of detecting ships using an FM/("W technique on a power-only

basis by reducing the size of the range azimuth cell.

System Concept-Relation and Importance (U)

(S) The Doppler radar technique will not detect ships with low radial velocities or that are
stationary. This concept will permit detection of ships under such circumstances.
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BUOY TACTICAL EARLY WARNING (BTEW) TEST NO. I (S)

Organization IU)

(U) Raytheon

Objective (U)

(S) Conduct an initial demonstration of detecting aircraft and missiles using the BTEW concept,
transmitter on a buoy with a land-based receiver in real-time at short ranges using surface wave

propagation.

System Concept-Relation and Importance (U)

(S) The use of the BTEW concept car provide coverage beyond microwave radar coverage and in
the skip zone of OHD backscatter skywave radar coverage for CONUS defense and special tactical
applications. The technique is not dependent on the ionosphere and can operate after a nuclear

detonation. In fact after a nuclear detonation, galactic and other user noise will decrease and

coverage of this concept will be increased.
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BUOY TACTICAL EARLY WARNING (BTEW) TEST NO. 2 (S)

Orpnization i U

(U) Sylvania

Objective (UM

iS) ('onduct in initial demonstration of the detection of aircraft using the BTEW concept.

transmitter on a buoy with a land-based receiver in real-time at long ranges using surface wave

propag•tion from transmitter to aircraft and sky-wave from aircraft to receiver.

System Concept-Relation and Importance (U)

(S) The use of the BTEW long range concept should extend the range of SLBM and aircraft

coverage beyond the range of OHD sky-wave backscatter radar.
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ADVANCED RESEARCH PROJECTS AGENCY
3701 NORTH FAIRFAX DRIVE
ARLINGTON VA 222C3 4 5O1

August 19. 1996

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER

SUBJECT: Declassification of Reports

The following documents have been declassified and released
u~i a .. CkiiOf :r ai, -~et AL alwe cI ji

public domain and may be marked with the "A" statement:

AD 513725, Project Aquarius Special Report EDL M 1380
AD 509068, Project Aquarius Annual Report EDL G 915
AD 507423, Project Aquarius Quarterly Report EDL G 900
AD 514939L, MAYBELL Technical Workshop
AD 515288L, Project Aquarius Final Report EDL E 184

Matt T. Donlon
Director
Security and Intelligence Office

cc:
F.A. Koether
(96-45)
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